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An attempt has been. made to give a a quantitative answer to the question « of 


the relative influence of different, ; types ¢ s of distortions on the natural periods of 


uniform cantilever beams s elastically | fixed at their bases. s. Very few buildings Ss 


approximate the uniform n and symmetrical beam dealt with: in the theory, so 


that close agreement with actuality cannot be expected if the theory i is applied — 

to o buildings. _ However, it is felt that the study enables the designer of earth- 

quake maitent structures to put his finger on ‘the most important factors _ 

entering into a determination of. periods. t The order or magnitude of errors” 

committed by neglecting either flexure or shear i in the building and 1 by neglecting 


elastic yielding of the ground may be inferred from the tables, curves, and q 
2 


are Quantitative data. relating to ground 


data o of natural vibrational periods of buildings. 


riods of buildings. — 


= Residiies vibration frequencies of uniform beams have usually been co 


puted from a consideration of the ‘dynamic, flexural ‘distortions. ‘(The term 
ca “flexural distortion” refers | to di distortions produced by bending moments ts only. ES 


are e considered, o or if the beams are stubby, the from 
the simple theory increase with the order of the mode. Retaining Lord > 
Rayleigh’ correction - the effect of oss inertia of the beams, 8. Timo- 


_ Nore.—Written comments are invited for immediate publication; to ensure publication, er 

Prof. of Mech. and Civ. Eng., Stanford Univ., Stanford University, Calif 
“Vv ibration Pre 
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3 irequencies for a uniformly loaded beam resting simply on rigid supports. In oa 
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culo 
£ tion is four times larger than the c one due to rotatory inertia. . _ Using methods of 


a and of dangle bents. He found that for a rigidly built-in cantilever beam of 


ae rectangular ¢ cross- -section, with a length to depth ratio of 4.56, the effect of shear 


distortion is to lower the frequency 3.3% from that: obtained by considering 
oa _ flexural distortions alone, and that the combined effect of flexure, shear, and 


Totatory inertia to a 4.2% lowering of the frequency. (The term, 


“shear distortion,” refers to distortions produced by shear only.) ee ae 

ws aga In regard to the higher mode frequencies the correction occasioned by shear 
_ will increase with the order of the mode until very soon a much better approxi- 
er mation of the frequencies results from a consideration of shear alone rather than 


- from flexure alone. — — Quantitative data for the higher ‘modes of cantilever beams, 


the writer's kn wledge, have not been ‘pre iously published. 
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Fie. DEFLECTIONS or A UNIFORMLY 
Loapgp CANTILEVER 


Tay 


th of boams it has been customary to assume ‘simple end 


end have undoubtedly been for cases of flexure alone and shear pers 


pe “but it is believed that the cantilever frequencies due to flexure, shear, translatory 


and rotatory elastic yielding of the built-in end have not been publishéd before. 


o Bulletin No. 70, Academie des Sciences de l’Union des Republiques Sovietiques Socialistes, 1935. ve 
4 Zeitschrift fir technische Physik, No. 7, 1927, p. + «é. Schwerin considers elastic restraints at 
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a vertical, uniform cantilever beam of rectangular cross-section 
‘and of a free length ie The beam is “planted” to a depth, d, in an ne: 


Distont10Ns OF 1 ny, 


occur if a horizontal, uniform loading of the intensity 
the uniform weight of the beam were to act in the Y direction. The 
_ will then deflect horizontally s so that shear deflections, A,, and flexural deflections, 
oy become established as shown in Fig. 2 If the origin of the co-ordinate 
_ system is at the top of the beam and z is measured positive downward, the — 
of a cantilever beam with a ont are: 


new 


Dae 


inw which, wis the per ‘unit in ai is 
‘cross-sectional area of beam, in square inches; I, is the moment of 


‘beam section about the X- -axis, in inches‘; E is the modulus of elasticity, in 


“square inch: - and, Y, is the shear deflection which i is 

‘The value of Y, is generally not the same as the shearing stress distribution 

coefficient of 1.5 resulting from the simplified theory of a parabolic shearing» 

stress distribution over the cross-section. According to Theodor von Karman, 

M. Am. Soe. C. E,, and F. Seewald® the > influences of the non-linear distribution 

4 longitudinal as well as the transverse stresses due to the lateral 
"deformation ¢ depend on the value of Poisson’s ratio, — -, and for a solid rectangu- 

cross-section of a narrow width be taken int into account as follows: 


The first member on the » right hand side of Equation (2) is s the usual sada 
distribution coefficient first evaluated Grasshof. The second member 


by R. 1934, Vol. 2 

as 
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| 
_ gives the correction due to ‘the longitudinal nein and the ‘third represents | 


correction necessitated by the lateral deformation of the beam. — ‘Thus, 


my is one-third, Y, = 1.500 = 225 on 0.188 4 087; and, if — is one-fourth, 


a It should be mentioned that for any built-in beam, such ¢ as a \ cantilever, 

? several possible but different assumptions relating to the type of Glsbeetionsl 
constraint, as amplified by warping | of the cross-section ; at the | built-i -in fixed end, ie 
lead to different e expressions for the effect of shearing force on the deflection.” = 
er If the cross-section of the beam is different from the rectangular (as, for i 


— those shown i in Fi ig. 3) the foregoing « considerations in | regard to the 


is forced to assign 


a somewhat arbitrary - values to the shear deflection coefficients. In view of i 
fact that deflection experiments on H- beams i in the Y-direction, Fig. 3(C), are in 


fair agreement with the simple theory when Y, is taken wnal to the aoa r 


stress distribution coefficient, may be accepted until better 
noment formula of | 


b, the ction a of Y, for the box section is 
5; for the cellular iction,. 2.58; and for the H-section, 3.11. ' 


to three, times greater than : for "the: rectangular solid cross-section; in 


in the ean in a the directions, beam may twisted about ite 
7 fictitious torsional twisting moment of wk Ib-in. per a4 
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As 


G Ry: = = 
“deal rigidity, i in pound-inches?. The value of R, the of rectangular 
¢ross- “section is found from the St. table printed in most textbooks.® 
iI the cross-section of the beam is of the types shown i in Fig. 3, Rei is best evalu-_ 


ated by use of the Prandtl membrane analogy, also found i in textbooks.® How- 


AD 


diaphragms spaced at regular vertical haiteaiwel, ‘ant in the case of buildings with 
floors, the torsional shear distribution is influenced by these diaphragms, and 
somewhat arbitrary assumptions ‘must be “made in regard to the 
properties of the beam. , i is suggested that in this case ; Ri be defined as a 
summation of the products of the individual areas by the squares of theirnormal _ 
distances from the center of tw ist. For example, in the case of the rectangular Ge: a 


analogy had been wth 


25 


‘Bieations a and (5b) give cia results when b = a, but when b=2 a, the 


‘first, and recommended, expression gives a value of 12% greater rigidity than 
the second. The arbitrary assumptions necessary when 
of the ¢ cellular type are considered. ‘ 


4 


which means s that the a ethathenliy isolated periods due to shear only may ree 


“Strength of Materials, 6.1 
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ee i: in which the maximum shear deflection, y;, is given in inches. | a consideration 


tae of flexural distortions _— leads to the e equally w well-known ounties of motion”: 


| 


which the n flexural deflection, yy, given in 

oe, ‘The torsional vibrations are not influenced by flexure since they involve 

sl hear or torsional distortions only. They may be from — (6), 


giving a frequency equation: 
(13) 


periods are expressed as follows: 
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in which the maximum torsional | angle at the top of the beam is ¢r. . 
TRANSVERSE PERIODS OF A RIGIDLY Buitt-INn CANTILEVER BEAM s) 
_ Before considering the elastically yi yielding end fastening of the beam, it is 


interesting to inquire as to the extent to which flexural and shear ail hal 
are o} of importance | in a ‘study of the transverse periods of the rigidly built-in 
iF For very stubby beams Equations (6) , (7), and (8) give good results, al ae 


very slender beams Equations (9), (10), and (11) apply. the beams 


are neither stubby nor mance, Equation (45a) of Appendix II must be used. ‘ate 


ma imum static deflections from Equations (1) of the loaded t beam 
? equal, the ratio, u, is unity, and the true periods’ will be: 
‘or the fundamental mode, 
(132) 32) 0.288 or Ty = 47/02 0.258 7) 0.258 Vay; 


and for the fo fourth- mode panied, ae ome 


0. 258 

comparison the ratios, — and 

specific value of; » and for a specific mode of vibration | gives an idea of the rela tea 
tive importance of shearing and of the flexural distortions of the beam in nregard ‘Some 


tor period calculations. Thus, for the fundamental mode of the beam swith in 

1, the ratios, 32, and 47 , signify that if i is neglected 
entirely and if only shear distortions are considered, the true period is we. : 

- longer than the computed period. or ‘On the other hand, if shear is is neglected the 


period is 47% longer than the period resulting ‘from consideration of 


flexure only. Therefore, , in th this case, the error due to neglecting shear i is greater a 
14a) “than that resulting from a neglect of flexure. p = 1.25, the errors in the 


period due to neglecting either shear or flexure are equal and amount to 40 
per cent. For values of greater r than 1. 25 a better approximation of the 

Bom am results from a consideration of flexure only than from one 

For the periods the errors due to either shear o 

| flexure : are not equal until the ratio, My is 5.4. 


4 — 
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a — 
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3b) 
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Pantone oF CANTILEVER BEAMS 

cent. the third- mode a and fourth-mode periods equalities of errors 
for the two methods of computation do not occur within the limits of extrapola- 
tion of Table 3(a) (Appendix II). In general, one may conclude that for 
cantilever beams, rigidly built-in, a consideration of shearing distortions rather 
= one of flexural distortions is of importance | for the higher modes of jcagead 


tion unless. the | beam i is very ry slender ac so on the ratio, p, becomes large. 


an 


Ps 
Formula: 
=v +0. 803 


ro _ Proportions of Flexure to Shear, u= 


Fic. —GENERAL Curves For First Four TRANSVERSE Mops Punrops oF UNIFORM CANTILEVER 
«SUBJECTED TO Dynamic ‘SHEAR AS WELL AS TO Dynamic Fiexvurs; Rierp Groump 
a 


In order to emphasize the : significance of Table (Appendix Il), 


has 
refers toa ‘cantilever beam with a solid sq square The shear de- 
flection | coefficient, Y,, is taken n equal to 1. 2, and the m modulus of elasticity , E, is 


taken equal to 2.5 "% In this case equalities of errors in n period of the funda- 
mental mode occur when the height- to- o-depth ratio is. 1. 1; - the second 

the thied m mode when | is 3 


1 
| 


. This means that in most beams of solid square cross-section, 


nly relatively ‘stubby ones that both of distortions be considered 


y 4, Ratio = is 1. 04, which means that 
e eTengthening of the d due to ‘shear is 4 per 
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agreement with the result obtained by Novotorzev® of 3.38% fer a iia with | 


ae, 1894, S. Dunkerley" showed that the resultant period, T, » of a compli- 


terms of the “isolated component” periods, Tr, T., as follows: 

In the present case, in which the two “isolated component” ” periods are the 


one due to shear alo the one to alone 


The empirical formula, Equation (17), i is in good agreement with the exact 
f ‘theory a as may be seen from the dotted curve on Fig. 4. In this case the error 
is positive, but in other cases i it may bee either positive or negative (see Fig. 6, . 
for instance). . However, it should be emphasized that the approximate formula ae 
does not have the slightest application to the period ratios of the higher m modes, cr 


and that it is precisely for these modes that considerations of flexure alone give 


erroneous results unless the beams are very slender indeed. 


_ Table 3(c) (Appendix II) relates to a cantilever beam ue a square box c cross- 


‘section with Y, equal to 2.25 and with E equal to 2.5 G. . In this case e equality of rr “= : 4 


4.5; and for the third mode when — is 7. apes! Table 


: 3(c) does not extend far 


— 


_ enough to give this ratio for the fourth mode. It is seen that in ies case of the tee 


cantilever beam with a square box cross-section shearing as well as flexural 
_" must be considered even if the values of — are appreciable, tsi 
_ The ratios for the beam with the rectangular | box cross- of a 


width- to-depth ratio of 3.1 are given i in Table 3(d) (Appendix TD). In this case Bos 
Y, is 4. 45 so that a a relatively large shear effect is is present. _ From Table 3@) ae 


it is found that equalities | of errors in “periods for the two types of distortion 


occur when — 78 3.4 for the fundamental mode, when — is 72 for the > second — 


mode, and is between 12 and 13 for the third 

_ If the beam with rectangular box cross-section is power nee to be somew hat 
akin toa A very much idealized building, it ds clear that the influence of shearing 2 
- distortions | on its natural periods i is far from. negligible; indeed, for buildings of 


‘iinary a consideration of shear alone will give better approxima-— 
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consideration ‘of alone. Of course, », for the fundamental- grour 
iod both types of distortion are of q again 
Ratios or Natura per ré 
e Vi 


le 300) (Appendix gives” the tatios of the true fundamental 


Ww with cross-secti The ratios of 3, 5, wed 7 for the 
of shear alone (Equations (8)) are obtained when ; = approaches z zero, 
ee the ratios of 6.27, 17.6, and 34.4 for the case of flexure alone are theoretically § five r 


uniformly loaded, cantilever beam the of erties 


ONSTRAINTS OF THE ANTILEVER BEAM ae 


at the built-in wh it will be assumed that the medium i in which the cantilever 
beam is “planted” is capable of exerting elastic restoring forces and momentson 
4 the end of the beam. The inertia of ' of the medium is neglected and, for the time and, 
being, the restoring force properties of the medium and “planting” may be al 
thought of as resulting from static experiments. _ Appendix It ‘includes a 
description of a crude, rational method of relating the restoring properties of 


the ground and “planting” to ground deformation 


X-direction and in the Y-direction are defined by R, and Ry. “The units are 
pounds per inch of translation. If the fictitious horizontal loading of the 
gone w L, of the beam itself i is assumed to act in the Y-direction, the cor- 


to or rigidity of ground, it is that 


about the X- and Fon in the plane of the ground are then given by 


and Rye. units are pound-inches per radian. the fictitious horizontal 
— —— Joading of t the weight « of the beam itself, w L, is assumed to act in the Y-diree- 


tion, the v vertical axis oft the beam will be inclined i in the ZY plane and the 


maximum linear displacement : at the top of the beam, in inches, will be given by, 


— 

— 

— 

— 

F 

Sa et ing—the period ratios, 5.28. 11.1. and 17.5, are quite far from either of the two EY. - 
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‘ground acting through the “planted” part of the beam. 2 It will be assumed ; 
again | that this s rigidity i is measured about the vertical axis of the beam in the. 
plane of the | ground. It is s dénoted by Rg: and its dimensions are pound-inches | 
per radian. The effect of the fictitious torsional moment of w Lk lb-in. about 
the vertical axis of the beam will be an angle of rotation of the base of the beam, 


in — to the of the magnitude, 


important to note that j in case of a 
five ‘Tigidities, RB, v 20, Rye, and Re are functions of the properties of 
ground as well as of the dimensions, a, 6, and d of the ‘ ‘planting. ay oc 

INFLUENCE OF THE Grounp ON sup Tonsioxat 


4 Since flexure in 1 the building as a whole does not affect its torsional prop- = a 


erties, the torsional-mode periods of the elastically built-in cantilever beam can - 

be found d from a general solution of Equation | (47a), of Appendix Il, if the ie 

coefficients, and are replaced by the torsional coefficients, (in radians 
inch per er second) (in second? per inch per as follows: 


0. 454 k 0.454 VE 0.454 v 0.454 VE \ 


cantilever elastic, torsional constraint at the built-in end for assumed 


values of the torsional rigidity ratio, oh = Te torsional periods of the nth al 


Th. R 


5 of the period ratios that must be used in Equs 
Furthermore, it shows that as elastic torsional yielding of the ground ir increases, zt 
the fundamental torsional period becomes longer an 3a 


second-mode for the free beam, ‘ete. The of the 
torsional periods to those of the higher ‘modes s are close to the values 3, 5, 7,and — 
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a ‘Tre =v Te + = = v(0. 830 oz + 1. 


Approximate Formula: 
T; 
. 


Values 


J 
In. 


Fifth of 


The results of Equ ation (25) are n Fig. 5asa a broken-line curve. 
‘suggested that is accurate enough 


INFLUENCE 


In II the general problem of the hie vibration periods of 
_ beams has been solved by considering shear and flexure of the b beams as well 


as translatory an and rotatory elastic yielding of the ground. Since the writer’ | 
primary i interest in the application of the results centers on idealized buildings, 
specific but fictitious building has been chosen to illustrate the significance: 
the theoretical deductions in Appendix II. 


Example 2 beam of box cross-section, Fig. 3( 


5. AL FOR Five Torstonat Pzriops oF = 
“PLANTED” IN A TorstonaLiy Exastic Grounp 


Ss 


Boe 


pep 


= 


— 
a 
1 
— M 
— 
(ot 1 
Ho 
fiv 
— 
— 8 
: 
g 
— 
— 
— 
— 
— 
— 
mo 6=—Sstéi(ié‘é(O ‘ft, or 2 400 in = L; (3) depth, 52.5 ft, or 630 in. = a; (4) width, 170.0% 


March, 1938 NATURAL | PERIODS: OF CANTILEVER BEAMS 


. = b; (5) radius of gyration, 35 5 ft, o or 420 in. = 
ie. The ground in which the cantilever beam is planted is defined by: Fe 
orizontal deformation modulus, and shear deformation modulus, 


ve times than or — = y = 
‘The yielding of the ground in translation, in rotation, and in ions may 


be expressed, according to Appendix ‘III, by the ground 
and y, taken in the proper combination with the physical dimensions of t the 4 
“building, The ratio of the translatory ground deflection, y:, to the maximum 


shear | deflection, y., of the beam i is then sufficient for characterizing uniquely — 


G 


= 


This: ratio is ca called v( that is, 


Tt t chosen example i is confined toa astudy o of the 
-translatory vibration periods i in a the Y-direc and to the torsional vibration 


444 108t w 10-*¢ in. = 2.02 x 10-74 
in. (if 2.5 G); yy = = 18.6 in. (Equation (1d)); (Ty), = = 1.11 sec 


1.54; Re = 1.71 X int (Equations (6)); = 3.57 


10° * radians (quation (4b)); and, (Ta): = = 0. 353 sec (Equation (14a). 


=p ‘values y to be assumed); 
13.8;\=2=22 = 13, and, = 3. 86 v from Equation (54) 
pendix III), 
_ Torsional Periods in Example 
Equation (23) are easily | found from Fig. 5 of 
; the assumed values of ». Sf From the results, s given in T able 1, it is seen pa 


that the fundamental torsional period increases indefinitely as v increases. 
- This ‘means that a cantilever loses its fundamental mode as v approaches 
or as its constraint at the built-in end approaches zero. second- 
™ mode period of the motion of the cantilever with built-in end changes into the We 
fundamental-mode period of the beam with free ends as v v approaches infinity. a a tg 
The third-mode period becomes the second- mode period, etc. 
: = Transverse Periods in Example 2. —The solution of the frequency Equation 
(44) from Appendix III for the e structure described by the foregoing constants 
4 and for assumed values of the ratio, vy is a long ; and laborious task. 
are plotted i ‘Figs. 6, 7, and 8, 
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a tions it is found that: y, = 12.1 in. (Equation (8a)); Ys2 = 4.45 and 
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PERIODS, IN IDS, FOR THE First ‘Five 
oF VIBRATION OF THE CANTILEVER» BEAM Rupaesenrine 
IDEALIZED BurLpine CHOSEN AN ILLUSTRATIVE 
eat (The Elastic Condition of the End Fastening Is Measured Either bys v or by a 
4 The Ratios of the Fundamental to the Higher Mode ey, 


0.05 | 0.10 | 0.20 0. 30 0. 40 0.50 1.0 3 
0.193 0.386 | 0.770 1.16 1.54 | 1.93 | 3.86 | 7.72. 


0.136 0.153 | 0.158 
al [ae | | 


3.88 | 4. 86 


0. 0830 | 0. 0.0884 


0.08 
5. 6. 28 6. 


0.0558 | 0.0568 | 0.0573 | 0. 0.0583 | 0.0584 | 0.0585 0. 


711 | 746 | 834 | 925 |100 |108 |138 |200 | .. 


0.0429 0. 0432 0434 0.0436 6. 0437 | 0.0437 0. 


teferring to Table 2(a), Item No. 1 gives ‘the t periods» of the 
structure on a rigid ground, computed on the assumption that shear alone 


governs the periods; thus, for instance, the: fourth-mode period becomes 
one-seventh ‘period, or 0.143 sec. The periods” recorded 


‘true. of the structure. Items Nos. 4 to 12, true 
of the structure on a yielding ground; the degree of yielding is expressed by 
the he value of v. I Item No. 13, for vy = © (that is, for a beam free a at both ends), 
hs 
is a a limiting and, consequently, when applied toa building i is a physical 


=2 those for y= should be noted that for the higher 
mode periods: the agreement between Items: Nos. (12 and 13 is 


— that 
stru 
— ten 
thir 
— lot 
— plot 
TAI 
|? 
v io ; 
No. 
— 
0.117 | 0.128 0.166 0.170 0.176 aa 
0.0702 | 0.0766 | 0.0795 0.0850 | 0.0857 | 0.0865 | 0.0870| 0.0873 12 
0.0502 = 
4 
0.0390 | 0.0414 | 0.0425 | 
F | 900 | 9.33 | 9.87_ 
eI 
— 
— 
— The 
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— It is 
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motion results. Item No . 14 gives: the periods of | the 
structure with both ends free, computed from shear distortions ayes ae 


Table 


"BRIODS anp I Ratios FOR THE ‘First Srx 


EXAMPLE OF THE THEORY 


Third |Fourth| Fifth | Sixth || ak: 


0.111 | 0.06 3. 5.0 7 
10.149 | 0.114 25 || 
10.154 | 0.117, 
0.157 0.119 
0.156 | 0.117 
0.232 “4 0.140 0. 108 
0.223 | 0.132 | 0.105 — 
| 0.131 | 0.104 
| 0.103 
0.130 | 0.103 
0.130 0.103 
0.130 | 0.103 | 0.08% .67 .20 
8 | 0.0320 | 0.0194 | 0.0130 || |.. | 2. 50"! 8. a 
noted, the pes of distortion are those due to shear, translation, and 


¥ The elastic condition i ground ; ela ndition of the end fastening i is the 
In items the of the is Tz instead of Ti. 

Dunkerley’s empirical formula (Equation (15)) is applied to the 
mental-mode period of the cantilever; — 


= 0.830 + 0.666 yy + 1.024 ys + 0.681 


Port the cantilever consi eration, in whieh: 4 
— 


SES 


“387 
0.25 


r is ; negative in 1 this ¢ case. However, it is suggested 
that for prnctioal problems the Dunkerley formula, as expressed in the general — * 
form by Equations (8), is satisfactory. {x git 
‘Fig. 7 moms a of the mode periods as functions of v, the ving 

of the ground 
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NATURAL PERIODS OF CANTILEVER BEAMS 
= right 0 of t the individual graphs relate to the periods for z zero “a "= infinite 


yielding of the ground. The second-mode period increases rather rapidly for 
Tae = small yielding of the ground, reaches a maximum when » is about 0.2, and 


then decreases along a smooth curve. t When » is 0.6 the period. of the mode i is 

a the same as for th the second mode with tees 0. As v increases further, the period 
pe ‘drops, a and as » approaches infinity the “period approaches asymptotically the 
am fundamental-mode period | of 0. 320 sec for the beam or structure with both 
_ ends free. — A similar variation in period resulting from a — of the ground 


that the second-mode period of the cantilever on a ‘rigid transforms 
into the fundamental-mode period of the beam with free ends as » increases. 
The gradual transformations from the second mode to the fundamental, from 
the third to the second, from the fourth to the third, etc., are shown i in ‘Fig. 7. 
Iti is to be noted that the higher the m ode, the eutelier the value of » / necessary 


for bringing about the transformation bad 


ae sat x On Fig. 8, the ratios of the fundamental to the higher mode periods are 
ae plotted a as ‘functions of ve It is seen that these | ratios are far from simple; 


rs ‘in| general, they increase with the yielding of the ‘ground. — ‘If the curve for 


Me T is considered, it is. seen ‘that wile Tatio of 6. 3, due to flexure alone and fors 


not wales since » the curve for = starts at 3.4 for a rigid ground. 


‘practical value of the tendencies indicated by these eurves may be 
twofold: First, from observations of periods on existing buildings (the 


a ta United States Coast and Geodetic Survey has done much observational work 
Z a in California) the ground factors may be estimated. — These factors must then 
be related to the geologic characteristics of the ground as well as to soil tests 


Wi 


of foundation | mechanics. : Second, if enough types s of cases have been studied, 


Bose “purposes of aseismic design. The periods of building proper 
ae indices of its mass and elastic properties, but they cannot be evaluated 

correetly until the ground effect on the periods becomes separable. Finally, 
ee from the point of view of foundation mechanics the periods of existing buildings, 


when analyz zed, will give information about the ground itself, 


theory applies to any symmetrical cantilever provided that its 


weight: per unit height, its shearing rigidity, and its flexural rigidity are col 


stant. Whether or or not the rigidities are given by the equations of 


nce as far the of 
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necessary and sufficient condition for the is its 
behavior must be elastic and ‘symmetrical so so aaa as ground coefficients, 


aa eS _ In regard to buildings t the theory will not apply with a satisfactory degree 


quantitative. accuracy ‘on account of the fact that actual buildings, a 
few far from the demands of of 1 mass and 


metry. It is thought, however, that qualitatively the theory explains the 
Baie 55 _ seemingly erratic data obtained from wind vibration records, or from shaking- 
~ esa vibration records of buildings. _ The theory indicates that for most 
~ buildings shear as well as” flexure must be ‘considered, a and that the elastic 
ielding of the ground will influence the periods 
_ If the data from period tests of actual symmetrical buildings are to be 
_ maahgent correctly, it becomes n necessary to use graphical or mechanical methods 


- for finding the component \ deflections duc due to shear, | flexure, translatory, and 

Y rough } indication of the relative importance of the four factors influencing 


Loe the | periods of buildings may be obtained statistically y from the observed data 


a of the U. S. Coast and Ge Geodetic Survey. _ The m most important part of such 


an analysis is is to choose “carefully from the mass of data (about 200 to 300 


~ buildings) the ones that ; satisfy most nearly the demands « of twofold symmetry 
ae as well as isolation from other structures. Such a a selection of data is found 


to decimate the number of buildings available. 
bag Since it is known that the ‘Dunkerley | formula gives s sufficiently accurate 


_ results for the fundamental-mode periods” of uniform bars, and since, xe, in the 


of actual it may be to apply, least dimensionally, 


T wr = 
lis a characteristic ¢ length- -to-depth ratio of a “buildin 


ting ( 
= or 5 


and coefficients, C1, C2, Cs, and C4, are to be oom 


data. Thus, if four "transverse fundamental periods of, say, 
_ buildings of four ‘different values of A are known, four items of experimental 


information are available and may then determine uniquely the four coeffi: 
cients. The e significance o of the four terms: may then be = the: 


component periods due to: ‘Elastic ground_ ; shear i in the 

building, elastic ground tilting, ¢3 8; and flexure in the building, 


course, if more than four independent. observations are available from 


- which to find the four coefficients, the information will be redundant, and the 


of least ‘squares: itself for a statistical determination of the 
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In its simplest form the problem. of finding the period of one of the natu! 
ee: ee modes of vibration of be stated as the problem of finding @ ™ 


deflection curve. Although the two curves refer to dynamic conditions, they ' 
may: be thought of as being static, so that a system subjected to an assumed 
dynamic loading curve may be treated by the well- known methods of statics 
ino order to find its component. deflections due to shear, flexure, and elastic 
ground yielding. The methods in question may be purely graphical, or 
- graphical and numerical, or they may y be a combination of static experimenta- 
tion upon a mechanical system made up to represent the elastic properties of | 
the system in shear, in flexure, and in end-fastening rigidity. «tis possible, 
by means of simple strips, to build a static, elastic model of a building. The 
problem of finding the dynamic | (that is, really, the static) loading curve ethat 
will produce an elastic deflection | curve » geometrically similar to the loading © ct 


The following “notation with ‘Standard 
for Mechanics, Structural ‘Engineering and Materias® 


= horizontal co- -ordinate ; direction of 
= vertical co- -ordinate, origin at top p of beam; pe 


cross- -sectional s area of beam; 


k= radius 0 of gyration cross- section ; 
torsional rigidity | of beam about axis; 
As shear deflection | due to fictitious in horizontal di- 


rection; 


to fictitious gravity “load in horizon 
‘unit 


‘its 
its, 
Be 
ree 
ha 
and 
the 
ng- 
stic 
— 
and 
sing 
300 
Rig 
reCtl ibration; 
rational direction; 
two g = acce of elasticity for 
ntal E “= modulus “46 
th 
ing — 
lection due 


a 


: ¢ R= - torsional angle at top of beam due to moment, wk, per unit height; 


= thickness of cross-section at neutral axis; 
characteristic length ratio o of beam or ‘building; 
= depth of “planting” or embedment of beam in | ground; 2 
= translatory rigidity of ground i in X-direction; 
= translatory rigidity of ground i in Y-direction; Sari : 
Ra = = rotatory or tilting rigidity of ground i in 2- -plane; 
Ry = = rotatory 0 or tilting rigidity of ground i in y 
i= = = torsional 1 rigidity of ground for twist of | beam m about vertical : axis; 
= displacements of top of building due to translational 


yr and op = displacements « of top of dais due to ground ‘rotational yielding; 
angle of twist due to torsional yielding of the ground; 
modulus of ground in in vertical direction; - 

deformation modulus of ground i in horizontal direction; 


| 


/ seconds? 
= dynamic shearing constant of beam = \ length? 


= time-fre amd 
second 
space- 
space-frequency 


ng Tength , 


‘shear i in beam; 
M = moment in beam; 


= normal spacefunction; 
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V 
= constants of integration 


(ATURAL PERIODS OF CANTILEVER BEAMS 


T= isolated natural period due to shear distortions only; 


= = isolated natural period due to 0 flexural di distortions only; 


co 


Ty = natural period due to shear and flexure, rigid ground; 

T = natural period due to shear, flexure, and elastically yielding ground; 
Tr= natural torsional period of beam or building; rigid 
T° = - natural torsional period of beam or building; yielding ground; ; . 

isolated component periods; general case; and, 


resultant period of several isolated component periods. 
OF A CANTILEVER BEAM SuBsEcTED TO SHEAR AS 


TO FLEXURE AND ‘WITH _ELastic CONSTRAINTS: : 


will be | assumed that the of superposition of distortions is valid 
ections ma 


a 
-10 


sie 
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=, 


estigation will be limited 
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eatin tperunit length, 
ration. theloadinec 
ae |”, are Constants for the beam. — e beam is set into vibration, the g Sei 2 “a 


intensity is and may b be as follows: 


4 


Substituting Equation (30) into Equation (29f), the general differential equa- 
tion, for the motion of the beam i is as 
(31) takes into account effect of as as 
= on the elastic distortions, but it neglects the effect of rotatory inertia 


the dynamic loading. ‘The dimensions of are seconds unit 


hereas those of are seconds per unit length, 


that of Equation (31) is “given by nor! normal 


(32) may rte substituted in Equation (31). with the result that 


y = (Acosqz + Bsingz. D sinh rz) f (t).. 
to the that and r? must the following 


in which are per 


yet pe a8 ah in which the beam distortions are due to shear only, p = rT 


we in radians per unit Tength. a the distortions of the 
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(see Fig. 1) the srreaheaieae conditions prevail: At the free end where z = 
‘the moment must be zero, hence from Equations (29d) and (30): aes a 


At the built-in where z=L the shear, ond, upon the ground of 


translatory rigidity, R,, will pro placement, 


) 


ag L ay 


Moreover, of beam at the built- in is to the in 
beam itself as 8 well as to the rotation of the ground. This rotation depends ie 


> of the ground itself. _ The shear contribution to the slope at z = 0 is: Sere 


a 


‘ ereas the contribution due to the rotation of the ‘ground i is: ae os 


ya) 


ae 
- £ — 
— 
31) 
a — 
ling 
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th? j 
th’ 
7 
hat 
10n: 
(34) 
atic 
38) 
ians we — 


cosqz + poosh rz )+ Bl singz .(48) 


- not be evaluated here, ‘but the frequency equation, resulting from substituting 
ne Equ ation (43) into the pangs for the end conditions at bal built-in end 


cos sas L r 


sin g L cosh 
p peing Lsinhr L = 


FREQUEN 


- 


frequency. well known, ca can be derived from the “gener 
see Case a.—If the ground i is assumed to be - rigid in translation as —s as in 


tation, " and = are zero and the general equation reduces to: 2s > 
= 
: 


Therefore, (45) will give the for the transverse modes of 
"vibration of a cantilever beam rigidly built-in when shear distortions : as well 
as flexural distortions are present (see Table 3(a)). ae 
nee Case a1.—If the problem i is simplified further and the shear deformations | 
of the beam are assumed to be negligible in Se the i 
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AssUMPTIONS OF SHEAR ‘oN ASSUMPTIONS | OF FLEXURE 
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or Periop Ratios ror THE FotLowinec Mopes or 


Second Mode 
(Equations 


Variable 
(see 


Fundamental 
(Equations (a)) 
caption) 
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(d) Fourth Mode of Vibration, 


Ts 


PERIop Ratios FOR 


1.20. 
1.48 


94 

Box C 


07 


~ 


-(%),' 0.288 


> 6 
( Ts ),0:0876 
0.0411 - Ve: 


T 


q 


),| ( 


Ts 


SBESEZSSS 


or, 


0. Ts « = 


“tals 


or, 


(Equations (c)) 


. 


10 PERtops Comp 


Equations to Express Mopes oF VIBRATION: 
(a) Fundamental Mode of Vibration, 


he 0.258 vy 
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Case ax. —If the problem. had been simplified by that ‘flex 
ae by deformations of the beam were ‘negligible’ in comparison with shear pom 
tions, Equations (37) and (36) would have given p = 0, r= 0, and 
and the (45) would have reduced to: 
is is s the frequency equation a when shear alone is of 
- importance. ae If the constant, a, had been made to refer to torsional vibrations 
instead of to translational shear vibrations, the same 
to ‘the’ in regard to the character of the 
eS. a end ‘fastening a and assuming that the cantilever beam b ‘becomes a \ free | beam, 
ep the ground constants, T and {, ‘must approach infinity, and the general fre- 
as, val the 


d in xyl be ell as shear is considered. 
‘ ars use in xy op jones. ne E exure as we as shear 1s consi ere leita ste 


Death = 1 


Case be.—If the free is very tubby, shear alone the 
and Equation (46c) reduces to: 


This type of frequency equation also applies to the torsional | or to the longi- 
If the hypothetical tuation of a ground, yielding elastically i 
‘enaalation but infinitely rigid in rotation is to be considered 0, and 


40. Then for the case in which shéar alone is of saaeanaadl sane e general 


n also applies to. the 


the rotatory ground Tigidity remains infinite (that is, = 0); the for 


The result assumes the form: 
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| Case d, —An equally hypothetical case of a ground i ibis ‘elastically ix in 
infinitely rigid i in translation give fo: for shear alone, 


and result is a beam with a hinge 


these circumstances flexural considerations alone would ste 


APPENDIX III 


OF “CANTILEVER Baan OR Na 


regard to the “fixed’ "-end conditions of the. cantilever it wast 
sumed that the medium in which it is ‘ ‘planted” ’ is a semi-infinite elastic 
continuum; further assumptions can now be ‘made, namely, that the inertia 
properties of the continuum may be ‘neglected, and that the interaction pres- 
sures between the medium and the cantilever beam are Tinearly distributed 
over wed contact surfaces involy 


For one may recognize three ground deformation 
moduli, a vertical,¢s, a horizontal and over the base of the cantilever a 
shear modulus _ These moduli ‘differ from moduli li of elasticity in being 

expressed in stress per total deformation; that is, in - pounds per cubic inch © 
instead of i in pounds per square inch. The translatory | rigidity of the ground 2 
inthe Y-direction (in pounds per inch) is then given by: Aa tig 


nial corresponding horizontal translation, yt, due to a hypothetical hori- 


confronted with some in regard to the of the center of 
rotation. Figs. 9(c), and indicate three possible locations of this 
center with the resulting pressure ‘distributions over the contact surfaces. 
If the elastic restoring ‘moment of the ground per unit angular rotation is 
evaluated for the three positions of the center of rotation, they w will be found 
toi increase | as the center moves | downward, but the resulting linear translations 
of ss por of the cantilever, corresponding to ‘the ground influence on a er 
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dity of of the ground for this location is is given, in en ani radian, by: 


twisting moment of w wk Ib-in of Fig. - 9(e) show 


_ which corresponds to an ‘angle of tw ist of f the b beam 


ind t The two constar ts, E and — (2) 
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few swords in remard to. the relative values 
A few words in regard_ 


‘hand, if the ground medium i is ordinary soil it becomes very difficult to make iia fs 
“any theoretical p predictions of the values of the ground deformation moduli. cag “a 
Since the medium, , or soil under the beam or building, is usually highly 


to the soil adjacent to the basement. walls, it is rot the 


the frictional adhesion of the soil to the ever, it be reasonable 
to expect that €, is of the same 2 order of magnitude as «. With the object of "4 .: 


simplification mind, and for want of better information, the investigator 
may choose to make €s equal to €,. The simplified expressions f for the rigidities — 
(compared with Equations (48), (49), and are then 


q sear 


Re = a +8 d’)... 


chief value of ‘this analysis is to recognize that are 
‘Tigidities: Ry, and Rg ‘expressed by the ground dotormation 


constant, and the ratio, plus the dimensions of the « 


the following relations are determined for the rigidities: — 


, _b(2d+a a) ; 
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the remaining three follow. It must be remembered, however, that ta 
‘rare instances: are the two ground deformation constants, and sufficient 
for expressing the conditions of the soil around a building, because not only 
f geological features, but also man-made constructions, as exemplified by the 
proximity 0 of other buildings, generally call for different values of on 


the: different: basement walls; ‘in addition to ‘this 


oF 1 THE ON THE TORSIONAL 
ae it was mentioned previously that flexure does not complicate the problem 
¥ 


of ‘determining the periods of torsion. In regard to the effect of the ground 


the to iy of the beam as follows: 
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- this paper. The > specimens were e loaded i in tension | by means of 3-in. steel | pins 


whieh passed through holes in either end of the —— The effects of plate 


thickness, side and bottom edge distances, and | pin clearance were studied : 4 


‘relation both to the ge general yield and the ultimate strength of the links. Pioah 
“dishing” | Phenomena, which greatly redu 


formulas are given fo a and strength « of the 


plates, together with formulas for producing | pin- -plate connection of 


The design of steel eye- has developed in regard 
the relative proportions and distribution of material in the eye- -bar head. The 


present investigation is concerned with pin-connected plates which do not ae 
reduced width in the body as in the case of the forged eye-bar, but woe are 2 
made simply by boring pinholes ne near the ends of structural steel plates. Ex. Rs 
amples | of this type of connection are found in steel sheave blocks, derrick — 


tackle, anchorage bars s for cables, and various types” of erection « equipment. 
Although the plates tested differ from forged eye- -bars, their action around the — 


sinhole during the progress | of failure is similar to that i in the eye-bar head. fasts 
The problem of designing such pin-connected plate links was encountered 


ma large scale in arranging the hangers for raising the suspended span of the 


1 Quebec. Bridge. Tests were made both on model links and on full- nee 


“hangers: with 12- in. pins, and the results show a good correlation with =. 


of the present tests. The general relation between plate thickness and “disk RS 
of thin plates was noted in the Quebec tests. f 


The bibliography on the ‘subject of stresses in plates around pinholes 


extensive, but most of it is concerned primarily with the study of stress dis- ae f 


Norz.— —Written comments are requested for immediate publication; tor ensure publication, last 
discussion should be submitted July 15,1938. 


*“The Quebec Bridge,”-¥ Vol. 1, PP. 222 to 227, Rept. of Govt. Board of 1919. 
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in the elastic range. References to various photo- mathe- ay 
and experimental studies of the stresses ‘in heads may 
found i in the of Professor S. Timoshenko. Mathematical stress 
analyses. require an of bearing | pressure between pin 
pinhole as a starting point. The actual bearing stress distribution depends on 
pin clearance ‘and varies somewhat during: the application of load. The maxi- ‘a 
mum stresses are localized and, for ductile materials, the initial al yielding is 
restrained from rapid p progress by surrounding low-stressed areas is and, in the 
early ‘stages, has no appreciable effect on the elastic behavior of the link asa : 


whole. a urthermore, these localized stresses have practically no effect on n the 
ultimate strength of the link under static load. _ Hence, the use of 8 ductile 
material such as structural steel i is very advantageous. 
Local yielding i in the | plate at the contact, a except in the case of tight 
at the end of the plate, occurs at a much later prvi than initial local yielding. 
Be he term, “general yield point,” ’ will be used herein to designate the load or i 
hy average bearing stress at which the slope of the curve of load plotted ; against 4 
deformation between pin and plate (about 3 3 pin diameters away) is three times - 
Because of the early local yielding and associated stress redistribution, 
nathematical formulas for maximum local stresses based on the assumption — 
of elastic behavior have doubtful t utility in the actual design of pin- connected — 
steel plates under steady loads. For 1 non-ductile materials, , or ductile 
materials designed for repeated stress, the elastic stress distribution i is of 
‘importance. An approximate mathematical solution by J Beke* has been i 
applied to experimental tests” of large pin- connected members | in ‘the: 


ces s formula i is based on the simplest | possible assumptions and i is spplice 


and, i in give little as the actual load at the 
yield point or ultimate. have practical value, a mathematical solution 
- should be based on the theory of plasticity, and should include the ‘study of the q 
of plastic: “dishing” of thin Plates. The solution of this problem 
Of first importance to 
‘the designer are the answers to the questions: ‘““How load will a structural 
unit carry without excessive deformation?” ’ and ‘ Pi: hat is its strength at — 
failure?” In the present instance, the answer is given in the form of empirical . 
x equations, validated by a wide range of tests, and concerned with average ? 
stresses: at general yield and ultimate. The of relatively thin 


Be plates tested give information on the greatly reduced margin | between general . 


yield and ultimate which i is caused by anal 
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Test Prooram ND PROcE 


d to cover the critical range of vari- : 
eter, was used in all tests. is. The four : 


of Elasticity.” p. 120. 
Eisenbau,” 1921, p. 233. 
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ype of failure in laterally tes 
program of 1 ests was designe ‘Tol 
n. in diam be} 


varying from § 


lin. to 3.2 in.; and (4) 1 pin clearance varying from ¢ a tight fit to ( 0: in, 


dimensions ‘of the test : specimens were measured to the nearest 
~ gandth of an inch by micrometer calipers, and are I indicated in Table 1. This 


table shows in detail the range of variables covered. 1 shows the 
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The material specified was Universal Mill Plate with sulted edges, a medi ore 
rade structural steel free from rust. All| the plates of similar width and 
thickness were cut from the same stock with an additional section cut for tensile __ 
test coupons. The ends of the specimens were flame- cut toa length an 


- oF more longer than required, , and were cut at the testing laboratory by hack- 


saw t 
4 the exact length. tensile coupons cut parallel with the axis of 


ng and two cut transversely were mide from each plate : , sel ies, the resu Its 


The arrangement of the apparatus used a typical test is shown dia- 


rammatically in Fig 2, and by en Fig 3. 7 The upper pin- “holder 
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passed the upper fixed bend: of the machine where it 


one transverse bars by means 0 of lugs — allowed freedom of motion of the holder. 
was open at the side to allow “observation of the tot ‘The: upper end of the 
test specimen w by pl 
The holders were built entirely by flame- -cutting and welding 
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Yield | ‘Ulti- Per- Per- f | Yield er- 
point | mate | centage | point | mate | centage “centage 


reduc- tress th| reduc- | elonga- 
— otrength tion of ion in | E on cntanre strength tion of | tion in 
1 000 area 1000 | 1000 area 


62.4 30.8 | 45.6 62.0 | 61.1 
69.0 | 46.7 | 30.3 | 410° 3 | 61.4 
62.6 | 47. A 40.2 45.3 
37.4 3.3 47.5 
(63.8 | 57.4. 
| 62. 62.7 63.6 | 33.9 
| | 71.8 39.3 87.20 


63.1 | 60.5 | 64.3 | 27.1 


65.5 | 60.8 35.3 


39.2 | 61.6 1 


20.9 


a tached to the test pieces by pointed screws about 8.5 in. from the center of the 

lower pin. The graph of the longitudinal deformation, plotted as abscissa 
with the load as ordinate. , was used as a basis for determining the general yield 
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"Deformation, in Thousandths of an Inch = 


Drats PLacep TO Derecr “D 
p The point of general yield was s taken as ‘the load at w hich 
= the slope of the load-deformation curve was three times that in the elastic range. 
be ao (2) ‘Five Ames dials fixed to two | main arms and ¢ one cross- s-piece engaged 
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which indicate the of dishing.” “The arms ns for holding these 
dials were fixed rigidly | to the center of the test. specimen, the arrangement 
2 being shown in Fig. 2. de There were three points along two vertical li lines, there- 
fore, and three across the lower face of the plate. A study of these dial ‘read- al 
ings during successive load increments indicated any lateral movement along 5 ee 


(3) Strains in the pin-plate material were measured along critical ng oe 
“by means of Huggenberger t tensometers, which were calibrated by an inter-— 
-ferometer device designed and built by Raymond D. ‘Mindlin, Jun. Am. Soc. — 


es. . The  tensometers served two functions: (1) To obtain the stress distribu- oF 


tion across the net section within an elastic range; and (2) to. ‘detect. stress 
redistribution | as indicated by variations in the slope of ‘the strain curves. 


This, of course, , does not necessarily indicate that the limit of proportionality co q 
‘ad boon exonede also used in 1 determining modulus of of the 


. (4) The surface slip lines which are 1 visible in the mill ‘scale of structural — 


Bm at points of over-strain were encserens by coating the surfaces of the 


inerementa 
typical patterns. "The whitewash of 35 of hydrated Ii 


mixed with 50 cu cm of water. 
ne A similar routine was followed in all the tests, and mimeographed 9 all 
were used for recording dimensions, dial and tensometer readings, and the | 


failure the pin in every instance except Nos. 75 
: Table 1), these being two of the twelve tests of narrow plates. 6 in. wide. : en 
; ‘siderable surface slip-line development, , extending over a relatively large area of 
late, w was usually in evidence before the general yield 
itive proportions of the plate at the pinhole, Three general and 
 dassifications may be made: (1) Tension failure in the net section at one side 
of the pin; (2) crushing and shearing: failure below the pin, in some cases 
followed by a tearing fracture in “hoop’ tension after considerable deforma- 
tion, and (3) “dishing” failure of thin plates which are laterally unrestrained. 
‘Typical Tests. —Failure by “dishing’ ” at very low load is typified by Test 
No. 5, Table 1. The load- deformation curve, to determine the general yield 
‘point, nk the: curves of lateral and vertical warping indicative of “dishing” are 
shown i in Fig. A, ai ial photograph « _of the surface s slip- line pattern after “dishing” 
of Test No. 5 5is shown i in Fig. 5. This plate “dished” at a load of only 1 200 It 
: Above the general yield point, and, in such eases, the slip lines 
moth convex “dishing’ 
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Fie. No. 5 Arrer By “DISHING”’; 


Initial Slope = 
General 
Yield Point 


PP ti n, in Thousandths of an Inch Pa sks es 1 shows a 
TEstT No. 32; Loap DEFORMATION 
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po for this test and shows sketches simi- 
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test No. 32 is typ 
ical of failure behind the pinhole, 
_ to insufficient edge distance, a. a. Fig. 


amg gives the load- deformation curve 


q 
lar to those taken in every test to 0 
4 record the progressive growth of sur- 
face slip-lines. Fig. 8 illustrates the 
‘t further spread of the surface slip-lines 7 
i at a load of 26 kips, and Fig. 9 shows 
the fracture after failure. The 
dition of the whitewash in Fig. 
shows the completely plastic region 
be below the pin prior to failure and the 
relative absence of surface slip-lines 
~ along the sides and above the pin- 
hole. Fig. 10 shows an end fracture 
- in another test of more balanced de- 
‘sign and greater plastic elongation. — 
a surface slip-line pat- 


af 
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‘Plate No. 35, Plate No. 
plate was the same in every 
greater edge distance, a, -with.the result that local below 
3 the pin developed before the final ‘spread. of the slip-lines. 
‘cated i in Fig. 11 were duplicated « on both sides: of the plate. . At a load of 41. i 
kips, the plate “ dished” ‘causing a a ‘slip-line” pattern similar to that in ‘Fig. 
be superposed on the convex side. Unlike ‘Test No. 5, however, Plate 
35 was thick enough to develop considerable reserve strength 


With one exception the series of plates which ° were 6 in. wide failed either 
in the net section in tension, or by “dishing.” Fig. 12 shows the line 
pattern ‘soon after the. yield point of a 6-in. by plate prior to 


strength of a 6-in. by 3 3-in. 
Stress Distribution. —The stress distribution in the the pinhole 
est be studied within: the elastic range by means of 
Complete studies of the stress pattern and distribution 
a plate around a pinhole have been made by previous investigators. 
maximum stresses are the localized contact compressive stresses 
the point of bearing of pin on plate, and the concentration of tensile stress at at 
_ Except in the case of tight- fitting pins, , the localized 
ran stresses sales: the first surface evidence of local yielding. _ Fors a 


ee discussion of the subject of contact stresses reference may be made to an in- 


6 Journal, Franklin Inst., Vol. 199, 1925, P- 289; and B Metin, 1 Aero. Research Inst., 
pte ember er 12, 1926. 
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PIN-CONNECTED PLATE 


i __ Insufficient clearance around the p pin made it impossible to place ‘tensometers 
“ sd for ing strains at the exact: locations of maximum a stress. The tensom- 
Rs — were useful in all tests, howe ever, in detecting initial stress redistribution 


maximum stress. Additional tensometers were used in some of the tests 
to determine the he strain distribution along vertical and 1 horizontal lines (see 
[2 2). The results are indicated i in Fig. 14 for six tests on 8-in. by 0.5-in. 
. plates with a varying distance, | a, and two different pin clearances. — The 
ot values indicated in Fig. 14 are the products of the strain in one direction multi- 
plied by - the modulus of elasticity, and are not true stresses, although very 

_ ihearly so along Line 1-1, where the normal horizontal stresses are negligible. 
The maximum value of the vertical strain times the modulus of elasticity 7 E, 
normal to Section li 1 adjacent to the pin w was determined indirectly by ex- 


cee, tending from the measured values a stress area that would be in “equilibrium 


with, the known total load on the ‘section. St The contact stresses 28 below the the pin 
vary rapidly and could not have been measured satisfactorily over the half- 

gage length a Huggenberger tensometer, even if clearance 
had been available. The strains ‘normal the vertical section, were 


measured at as many — as possible and the anager of Geno strains and 


values of strain times the modulus of elasticity, E, because of the unmeasured J 

ie pet It is important i to note that ¢ considerable local cal yielding, ¢ either below or or to the 
side of the pinhole, was always | evidenced before the general yield point of the 


plate | was noted, — that stress concentrations had little effect u upon the ulti- 


and ade was s the ‘only variable. ‘The load-deformation « curves 
were extended far beyond the general yield point in these tests and three typical 
curves are shown i in Fig. 15. _ The results of this series of tests are discussed 
in the general “Summary of Test Results” which follows. 
az _ Summary of Test Results.—Table 1 presents : an abbreviated summary of the 
esults of all the tests. A detailed explanation of the various columns in this 


| table follows: Columns (1), (2), (3), and (4) give dimensions the 


1s Column (5) indicates the load at which the first surface slip-line ¥ was noted, 

fe ‘together with its location and type. — The first letter, B or E, indicates whether 
the line was below or to one side of the pin. The second letter ACS or C) ‘indi- 
< cates whether the flaking was a definite line, indicating slip or shear along 4 
certain path, or _—— flaking below the pin, indicative of compression yield 
by crushing (see Fig. ll for illustrations of both types). In this column, of 
which only a qualitative interpretation may be made, the trend of the lowest 
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cohesion to remain in place : after yielding had commenced. ¥ 7 


4 Column (6), Table 1, gives the e load at which surface indication of 
shad become general. | By this is meant either the presence of several lines ex- : 


tending from th the pinhole through to the end or side of the plate, or a general 
fener of lines. developed in the vicinity of the pinhole. _ The same qualifica- 


“tions must be made regarding interpretation as in the « case of Column ®. 
Column (7) gives the first indication of general stress redistribution due to- 
local yielding, | either to one side or below (B) the pinhole. ‘The noted 
load i in each case is the limit of proportionality of the tensometer readings 


ate 


“via strength at ‘which point the longitudinal deformation between | pin and 
plate was progressing at three times the initial rate; Column (9) indicates ae 
at the start of “dishing,” as detected by the limit of ry yaad of the = 


differences between the readings of the lateral ‘dials, plotted against load; 
Column (10) gives the maximum load either at fracture or “dishing,” i in th 


_ latter case, just prior to large falling off of load during the progress of “dishing. ei ‘a 


In Tests Nos. 49 to 106, the set readings were taken at five or more different cs a 
load intervals to give a complete curve of ‘set plotted against load. These 
date, are omitted to conserve spé space but the permanent set in all tests followed ee 
Graphical Summary of Test Results. —Average bearing stress at the general 
‘yield point, and the ultimate strength for the plates “ wide (Tests Nos. 1 to a 
are plotted in in Files. to 16(@), 1 with the 
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16(¢) and 16(f) give the. ‘same 6-in. and 1 0-in. plates, 


6 0.50 = 


(b) 1 


fey 


17.—. BEARING STRESSES AT THE GENERAL Pomer AND 


Fig. ives average bearing stresses plotted against the variable thick- 

ness ratio, . for Tests Nos. 1 to 96, ‘Table 1, and for two different ratios, 2 


5 and 1. se he values plotted were e taken from the curves in Fi ig. Sle is 
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different bearing stresses and at the e general yield 
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RELATION OF TEST RESULTS TO DESIGN 


This idee eat no recommendations as to proper working stresses, 
~ factors of safety, or allowable permanent sets, which are properly the subject of | 


specifications set up by engineering groups. In the following text, 


order: to study the four dimension ratios which affect the strength 
of the plates i in the regions of greatest: variation, many of the test pieces have 


dimensions outside the usual range of ‘design. As possible design proportions a 
approached, however, the test results show a uniformity of trend which 


warrants the application of the formulas to all usual design proportions. pens 
- Definite limits within which the formulas are applicable are noted in connection 
with each. ._ The formulas agree closely » with the e average test results; and, oo 


with the lowest trend of test results. In applying these for formulas to design, 
these further restrictions are em, hasized: 

ee ® Material should be structural grade steel for bridge work as seni by 

(2) Loads are static and pins do no not For repeated stress 
or for rotating pins appropriate all allowances must be: made. 

- (3) No rivet or bolt-holes- may be drilled or punched i in the vicinity of the 
pinhole. Previous tests? have noted the weakening effect of such small holes, — 


gu Notation. —Reference should be made t to ‘Fig. 1 for ‘the notation | in regard to | op py, 
- dimensions of plate. * Ratios to which reference has already been made are: a 


Plate thickness” Edge distance to side of pinhole 


ay _ Edge distance below pinhole 


‘The unit stresses are: Sty = = average bearing stress between pin and plate at fie 
general yield « of plate; Sot = = average bearing stress between pin and plate at 
ultimate strength of plate; s, = tensile yield point of material as determined ae 
standard tension test; and = ultimate tensile of 


is not appreciably influenced slate thickness ratios, — greater than =, nor 


by the edge d distance ce ratio, for than The he test data d do not 
‘give results tor a greater than 1.2, bait the bearing stress in such cases at the 
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oe cael yield point is probably not influenced greatly for values of D, within 
range of design. The « clearance b between pin | and pinhole, as defined 
Ps by the ratio, has a minor effect on the general yield point, as indicated i in 
Fig. . 19(a). _. The general yield point of the plate is induced principally by a 
a _ yielding of the material behind the pin. This yielding is preceded by a crushing 
i _ failure below the pin which progresses until all the metal behind it starts to give 
way in a plastic state. In very thin plates the general yield is followed quickly 


= ‘dishing” and ultimate failure, whereas in thicker er plates th 


plastic reserve before ultimate failure 


The following formula gives the average bearing stress at the 


a — 
between 0. 3 and 1. 1. 2 ie 


will be entirely i in net section) 


— greater than 0.05 (otherwise ultimate failure ee 


by 
Equation is based o on the test average Of equa to 39 39 ips per sq i in, 


Based on the minimum s specification requirement of 33 kips per sq in. for struc- 
tural steel for plates, shapes, and bars i in bridges (A. 8. -M. A7-34) and using 


in diameter), 


by. Equation is 35. 4 ips per sq. in. If a factor of safety of 1. 5 “were 
suitable with respect to the g general yield poin int, the allowable working stress | 
would be 23.6 kips per sq which corresponds closely with the frequently : 
specified allowable. stress of 24 kips p per sq in. If such a working stress is 
_ suitable, it should only be used when the plate is thick enough to prevent ulti- 
mate failure at a low load by “dishing.” ” ‘The tests will be examined later to 
develop criteria of proportions v which will i insure against “dishing” failure and 
ee Ultimate Failure-—The three general types ot ultimate failure | have been 
| previously (see heading, “Test Results: T ypes of Failure’). ‘Three 
. 3 empirical formulas Gn close agreement \ with test results) will be presented to to 
serve as indices of the average bearing stress at the ‘ultimate strength in the 
case of failure =e “en “ the three types. Applied toa plate of oe proportions, 
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terms of : average stress between pin and plate, as. follows: 


b _ Failure by fracture at side of pinhole, 


= 8 
St 


Failure | by “dishing,” 


average of 8: = 62 kips per sq in. applies. — In applications to design | the mini- 


mum specification requirement for 8: should be used. The following limita- 
tions as to dimensions are made: —- betw een 0.3 “ 1.2; and, — between 0 — 


‘Ds 


limitation indicates the test. range but dens pow enter the equations because the 


= was not found to influence the ultimate strength appreciably 


though —— varied from 0.325 to 0 


on the fact that t the test results approached 8 uniform tr wer in n the ne upper limit 

of —- Further remarks on each type of failure follow. 


r. Failure by Fracture at Side of Pinhole. —This type e of failure sii only i in 
“the 6 6-in. plates. _ The test. ‘Tesults showed that the material in the net section 
did not fail until the a average stress in that section reached the » ultimate tensile ‘t 
Strength of the material as determined d by. a standard tension test. This indi- 
cates that the stress concentrations near a circular hole, which exist in the 
elastic range, have no effect on 1 the ultimate strength of structural steel under — 
S&S Equation @) simply states that if failure is _ by tension in the net section, aoe 
the a average stress through this section will be the same at failure as in the case : 
of a standard tension test. The stress actually ‘developed, based on original ea 
areas and a test average of 8 = 62 kips per sq in., was slightly higher than a 
determined by Equation (2), di ue probably to he fact that the lower stressed _ 
‘material above and below ‘the minimum section did not allow so much * ‘necking 


down” | and reduction of area as in the ¢ case of the ene tensile c coupons. i 


q three equations indicates the | 
the lowest value obtained from the 
iV 
ield 
a) 
— 
limits the other dimensions (whenever 
5 the tests 1e extension to 1.Z 1s based 
— 
— 
— 
vere 
— 
ily — 
18 
ilti- — 
and — 
a 
ee 
the 
om J@ Manner shows that the ultimate strength of the plate is dep ce | i 
— 


| below a 


Ultimate Failure by “Dishing? is unsu app — 
ia laterally at the ends. ee the plate is blocked securely against “dishing” at the 
: end, either Equation (2) or Equation (3) may determine the ultimate strength. 
_ (Although no blocked plates were tested i in the present investigation, this State- 
ment is verified by tests made on the pin- -plates of the Quebec Bridge (see 
Table 3). "Equation (4) is not written in t terms of 8, a8 are Equations (2) and 


because the ‘ ‘dishing” primarily a function of stability rather than 
or TEST Data, MavuMEE BRIDGE 


AND 


DiMEnstons, IN INCHES ‘Ratios ING STRESSES, IN 


— | At failure* 
Di 


Predicted Average 


sides, 

be 

Sala: 


eter of Thick 


hole, 


.00 
-00 
-00 
-00 
.00 
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En of of blocked to pre 
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0.745 | 0 


57.9 D 


= fracture; B = below pin; and, E : = side of pin. 


nt ‘ 


GOO OH 


77.4 
77.4 
73.6 
73.6 
68.2 
68.2 
92.8 


92.8 


DADA 


90 


4 a 
Althe 
plate 
J 
more 
the 
| 
| | 1.875 107-7 5 ten 
| 220 | rofl | 1.375 107.7 
# 8 22.0 1.375 0 
2210 
+1 77.4 13.5 an 
— | 0.790 0.745 | 0.075 35.6 D plat 
75| 4.00 0.597 | 0.745 0.075 23D ry, The 
3.0 3.75 00 | 0. 0.745 | 0.075 55.0 
1 1 3.75| 3. 10.398 745 0.075 77.2 FE 82.2 66.6 wel] 
5.03. 11.0 2.00 0.398 | 0.7 0.165 FB_ 82.7 66.6 
5.03 1 | 8.08. 2.4 D, FB 
‘5 9.0 12.1 8.08 | 0. 5 | 0.865 23 72.4 
Assuming tha hing,” compa balanced use 
d Design.—Ass\ prevent “ strength or ba 4 
srally, so as iteria for equ w the pin: me 
d (3) yields the f distances be ) 
— 


is balanced in other respects to (5), the following 
thickness ratio ratio, obtained from a comparison of Equations ( (2) ar and (4), gives the ms 


Although ‘Equation (6) gives sufficient to prevent in 


plates are not balanced -accordin 


the maximum allowable ratio, , to prevent Soe in 
es In general, the tests indicate that the most efficiently designed pin-plate Pa 
connectors are those narrow in width, thick enough to prevent “dishing,” 
and having ‘material below the pinhole in the proportions specified by Equa-_ ric 


va a Comparison with Previous Tests—The res results of two previous series of 
<a tests on pin-connected plates of larger dim dimensions than those of the eek : 3 

55 Table 3. "The second group 

is ten tests is taken from the re- 


port? on the Quebec Bridge. Six, 140 
=" df these tests were re models, using 4. 


| 
= 


pr 


19 [pins 5 in. in diameter, and the > ee 
aining our were ful ximum Values of $ for No “Dishing” a 
hangers with 12-in. pins, and 


+a plate widths of 26 i in. or 28 in. 4% 
03 The results of these tests check 
well with the strengths pre- 
dicted by Equations (2) to (4), ih eis 10 
only two of them falling below, 
with a maximum difference of 
about 4%, and the remainder 
shove, by as ‘much as 10% in Values | 


1G. 20. —BALANCED oF 
slightly higher ultimate strength than that used in the present study. Fe nee 
_ The results of tests of eight pin-connected plates to determine the best 
design for anchorage bars for the Maumee River Suspension Bridge are also 
presented in Table 3. These bars had a reduced width in the: main 
between pinholes. the test ‘strengths of these 


7 « 
im 
nd 
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(5) 
| 


Thy given by ‘Equation (2), , Equation (3), or Equation (4). sh Apparently, the| 
_ reduced width in the body of the bar increased the tendency toward “dishing,” 
‘ Se and reduced their strength, although this may not necessarily be the cause. Tt 
ont is to be noted that the two tests with largest. plate width in the body are only 


7% less than the ‘strengths indicated by (5). Fracture s below 


al “a with “dishing.” a Since the exact dimensions of the specimens are not known 
es x = their number i is ey no final conclusion can be given in connection w vith 
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in bearing of 24 ‘hips per sq in. S. T. M. A734). 


= 8.33 in., which dictates 

use of a pin w ith. a diameter « of 8. 5 in. The required net edge- distance ai 


G 
in. With b= = 6 


the 18 8 kips per sq in., = 


in. this makes a width of 20.5 


0. 706. From Fig. 20, for balanced design: = 0. 15 xX 1.31 = = 0.985, from 


ae quired pin diameter at 24 kips per sq in. 


hich a= 0.985 5 X 8.5 = 8.4 in. ( (use a - ‘By actual measurement 


16 = = 18; ond; 1 0.418 = 9.0, which is more than: the” 

maximum for no “dishing,” for the ratio, “= 1. 06, from 


The plate, therefore, » will fail by “dishing.” = By E quation (4), 


‘average bearing stress at ultimate strength is, = 20 + 315, x 0. .118 +7 


— & 0.118 X 0.75 + (1.06 — 1.06%) 20 = 62.63 kips per sq in. The ultimate 


: Br strength 1 is 62. 63 x 8. 5X 1= 532 2 kips; and, the safety factor with respect to 


As an alternative, suppose that the plate, is ‘securely blocked to prevent 


c “dishing.” ” The ultimate strength will then be g given either by Equation (2) for 
Be side failure, or by Equation (3) for end failure For s; = 60, the minimum by 
A7-34, Equation (2) “gives = 120 ‘x 0. - 90.0 

and, by 8), Sot = 60 1.13 X 1.06 + 
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Ee iit Ge eneral Yield Point of Plate. —If a pin clearance is 39 in., the pin- oe 
a uation 1e average be 


bloe 
"prio 


of tl 
clip 
net 


of 
dir 
tes 


q 


— 


> 4 
— 


gs = 


— 


— 
— Mar 
— || Mar 
— 
at th 
— 
kips 
ne 
a 0 
‘inert 
Ine 
a 
— 
at t 
pre 
stre 
The 
dia 
iin 
we 
thi 
— 
— 
— 
— 
— 


pers rch, 1988 
le 1 3 X 1.06 — 1.06? — 2 x 0.00367 il 
itt hips per sq in. : the total strength at the yield point = 33.8 X 8.5 x l= 288 
only kips; the caleky factor with respect to the yield point = 1.44; and the perma- iis 
low nent set for a naa of 24 kips per sq in. (from Fig. 19(b)) = 0.00025 X 8.5 — ee 


own 5 It reer te pias I that the general yield point may be raised by arbitrarily 
 &f increasing the end ratio, but this will also increase the tendency to “dish. 


In cases where “dishing” is eliminated by suitable plate thickness or by side 
blocking, a low factor « of safety, with ‘Tespect to the general yield point may | be 
justified, in the opinion of the engineer, due to the high plastic reserve strength 

Clipped Corners. —As indicated by previous tests and a 
of the present tests (three i in all), the corners of the plate below the pin may be 
clipped with only slight loss of strength. . Iti is recommended that 20% more — 
‘net section be oa on a | 45° line through the tec than the minimum 


‘Within certain well- limits as to material and shape, this paper ha 


presented empirical equations for predicting the general yield point, ultimate 
strength, type of failure, and magnronge proportions of pin- -connected steel plates. 


“diameter was 3. in. and are further va alidated on sealing pin- 
Jinks used i in aa erection of the Quebec Bridge i in w hich the pin diameter was as” 


much as 12 in. ~ Although the results do not check well with a number of tests 

the pin- connected anchorage bars for the Maumee River Suspension Bridge, 

Ss this may possibly be accounted for by reason of the reduced width in the body > 

oft these bars. the of this: paper ‘are not intended to apply 
0 


tests on n such | eye-bars show agreement with the present results. 


ce 


rl 6 _ The tests were . conducted as a research project of the — of c ivil er: 
aa : Engineering, of which James K. Finch, M. Am. Soc. C. E., is Executive Officer. — f 


The author is indebted for the close co- operation of the la te Albin H. B ; 
M. Am. Soe. C. E., who was Director of the > Testing - Laboratories, and to the © 


eyer, 
W. ‘Krefeld, M. Am. Soc. C. E. Krantz, Jun. Am. 


C. E., as assisted i in setting up the apparatus and operating the tests. 

ate - test p program was originally suggested by Sterling Johnson, M. Am. Soc. C. 

was conducted in co- operation \ with the American n Institute of Steel 
struction. | of the American Bridge Company, the Bethlehem Steel 
ne | Company, and | the Chicago Bridge | and Tron W orks, contributed va valuable 
criticism as to the } proper test program 1 and the ¢ conclusions to be drawn 
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CIVIL ENGINEERS 


PRACTICAL “METHODS OF RE- ZONING 


By HUGH E. 1 M. ‘Soc. E. 


The purpose of this paper is to show why re-zoning is a present-day neces-— 


sty, and to indicate | some practical methods of re-zoning urban areas. The 
first | part of the paper is devoted to an explanation of zoning experience in 

Chieago, TI . The Illinois State law permitting zoning is outlined, together 

with the 1923 Ch cago zoning ordinance and subsequent amendments in meth- 
ods and policies, and then a comparison is drawn between land uses as they 


existed in 1923, the land-use allocations made in the 1923 zoning ordinanc 


and the land uses as they existed i in 1936 . The writer believes that: this factual 
demonstration of. ‘conditions b icago, which are shown to b 
conditions in other American cities proves the need for ‘re-zoning. ay a 
e ‘The latter part: of the paper is devoted to the recent development of ‘‘mea- 
suring sticks” ‘that can be used as guides i in the allocation of land for various 


use survey are advocated as ‘the initial ‘step. . These a are ‘to show « exis sting pat- ‘ 
terns of | land se, areas of blight, population changes, and other factors which 
together n make re- -zoning necessary. In In this part: of the the technique of 


rezoning is together with the tabulated result 0 fa questionnaire 


dealing wi w ith the need for and d method o of seventy- “five Ameri- 
can cities . The question « of ‘blight i is d ith i il, as al ae 


fo public and private housing: and the paper concludes with the writer's 


recommendation as to what he considers ‘to be a practical ‘method of re- -zoning i 


rly with thes rehabilitation of districts. 


The fact that the iid for re-zoning urban areas is being discussed means Sa 


that considerable progress has already been made in zoning. In recent years 


=. 
Wri 


Nore.—Presented at the meeting of the City Planning Division, New York, N. Y., January 21, 1937. oa. 


, & 


itten comments are invited for immediate publication; to ensure publication the last discussion should a pa bac: 
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ZONING ‘URBAN AREAS) 

city planners h: have lear ed. much the technique of proportioning urbai is dest 
Rie ‘use as to amount and location. | A It has now become desirable to adjust some oi There 
the: older ordinances to a more ‘ “even keel” by “means ( of re-zoning, and to elt charac 
aalai certain principles that should be followed in the preparation of ney nullify 

Engineers should | ‘not be too erties of the work « of the planners of ‘ite busine 
has be 


, onditions of urban structure that had been typical for centuries . They ha fined 


= 


to be found . These by- products of human activity have ever been present as | 
challenge to the humanitarian instincts: of throughout the centuries, 


. It i is only i in comparatively recent years, , however, that city planners have come | 
to sense the great social need of transforming the physical structure of urban 
areas . Zoning i is a fundamental and vital element in city planning, because 


— 


it is the process that co- -ordinates the social, economic, and physical structure 


«Extent of Zoning. —Since 1916, w n the City y of New Y ork, N. oy Was 
"granted enabling p powers by the State Legislature, approximately 1 
or linances have t been put into effect in the United States, Tepresenting ap 
proximate y 75% of the urban | population of the country. 
Zoning Handicaps.—As a rule, planning commissions: a creditable 
«401 1ing job i in the early plans, considering the handicaps involved: a The art of 


was then i in its state. Often, it developed t that property owners 


insisted upon having their residential propaty for business use. often 


too, real estate speculators, through some device or "other, obtained ‘conees- 


sions favorable to their exploitation process. Many citizens, , also, were specu 


: latively minded and hoped, by means of zoning, to “i their property trans 

Loning —When all the comments, pro and. con, have been ‘ 
in the hopper,” all must. agree in 1 the final analyein that zoning has been w worth Bibs 


_ while and that it was valuable during the boom building period prior to 1928, 


but that it is far from perfect in its present s status. The art is ; still crude with = 
respect to the “tapering-off” process or the transition from a a higher to a lower P 
use and the utilization of park strips between residential sections and other f° tt 
sen . Although present zoning plans and ordinances seem to be satisfactory = 
in many smaller cities, officials of most cities, both large and small, feel that Bi 
e-zoning is necessary. . Without doubt, zoning has" exercised a beneficial bloe 
satan in shaping the growth of cities, ‘and often has served as a barrier in = 
"Zoning V artations. —Variations i in residential areas are detrimental because be: 


hey unstabilize the zoning | of the block and of the distr ict; residential protection 
ki, 
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is destroyed and estmpetibion’ is set up with ] property already y zoned for business 
iThere are innumerable examples in which miscellaneous variations of this 


character are permitted, and i in w hich penetration of unsuited uses is grad rally, 


ions some in instances entire blocks of property 8 are zoned for business where the 


has been allowed to penetrate into residential areas. If business had been con- ae 
fined to the area zoned for commercial use, it would have put that ‘property, 
into a revenue-producing position, | and would have protected the residential 

f areas, Which now are certain to disintegrate, having no stabilization either for tis 
ved ‘There are several variations or non- n-conforming u uses to be found in nearly x 
ring, every block in ‘Chicago, Ill., for example. ‘Iti is a common occurrence that 
still these illegal uses are carried into Court, the cases are continued ten or a rece 
it as times, until the matter is finally dropped 


fo 


rban The administration of a zoning ordinance i in a large city is a a difficult ean 
The mayor, aldermen, and all city ‘officials are” continually bombarded with 
ture 


a Tequests for r variations, which ultimately reach the Board of Appeals. — The 
- Chicago Zoning Board of Appeals has shown great fortitude and patience in 


this job and has also demonstrated a fine understanding of the theory and 
7 practice of zoning and the need for re- -zoning; but it seems _ impossible, in the 2 
7 complexity of the situation, to maintain the integrity of the zoning ordinance —_— 


- The Chairman of the Board, Mr. James H. Gately, is firmly of the opinion 

. sf that although it is not present practice in Chicago, a certificate of occupancy — 

is most important for the proper of the zoning ordinance; but y 
ares 

mee _ Protecting Manufacturing Districts.— tely is also of the i ‘th 

all one of the fundamental safeguards to be provided for i in re- zoning is sisted. 


protection for “manufacturing and residential areas. 


He feels strongly that 
“put there should be: a tapering off from 1 manufacturing to to commercial to residentia al 
orth use in a manner that will not | impose restrictions upon manufacturing se 
929, ment. It has been his experience that residential areas contiguous to ‘Mmanu- 
with | facturing property are certain to be invaded by commercial use. 


ower | City Council should not permit. variations without the prior approval 


ther of the Board .of Appeals. If there is disagreement, | the matter should be re 

tory fered back to the Board for further consideration. $66 
that | The Board of. Appeals should not have the legal power to break a solid — 
F cial block of use, even if if there i: ‘is a non- conforming u use in the block across the street; 


‘Dor nor should the Council exercise such authority. _ Proposed zoning amendments ay 
‘require a two-thirds vote of the Chicago City Council to become come effective in 


ause the event: that a written protest against such amendment is made by 20% 
tion a as peo ple on 1 the frontage affected, or of adjacent frontages. 
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—The a administration of 

i fighting favors. A strong buffer commi the p 

y needed. No variation of any would ever “get of th 

= political backing. In other words, any proposed variation would bf For e 
_ taken care of expeditiously by the routine of the Board of Appeals, and would use sl 


A zoning ordinance will not be effective unless its administration i is inf to a 
> strong hands, free from political domination. The essential need is a - strong ‘not it 
_ public body, ‘such as a plan commission, to lend d support to the Zoning Boar V 
of Appeals. In fact, a city, plan ¢ commission is as essential as a Board of Ap even 
peals in preserving the integrity of the zoning ordinance. = — ordin 

Zoning Situation in Chicago. — -The main purpose ¢ of the Chicago Zoning the 

Ordinance w: was to protect property d devoted to its highest and best use agains i 


sporadic invasion of 1 uses which would tend to destroy the taxable value of 


properly disposed of, were it not for political interference. izes t 


fare. In large measure, however, , the ‘ordinance has: failed to. provide thi 
a oh protection. i was not retroactive and, therefore, could not protect neighbor 
hoods against undesirable developments already i in existence. 


_ Visions of enhanced realty values from commercial uses and greater height 
a and volume provisions resulted in public demands for zoning classifications 


fe: obviously out of line with actual and prospective land and building 1 use. ss Ordi- 
nance provisions permitting additional non-conforming uses were not sufficient 
eh: strict to assure districts remaining in the class in which they were zoned. ~ Brosi 
ae were granted the Zoning Board of Appeals" to 
in case of practical difficulties or particular hardship. < 
Sa Chicago Zoning | Provisions. —The Chicago Zoning Ordinance provides four 


“use” and five ‘ “volume” districts. 


The use districts embody residence, apart 
ment, commercial, and manufacturing districts. The volume districts regulate 
and limit the height and bulk of buildings and the intensity of the use of land, 
% the height limitations ranging from 33 ft in Volume District No. 1 " 264 ft i 


‘The linois law provides for the establishment of Boards of Apped 


a “the application as made by the building commissioner; = (2) vary the application 
of the ordinance in special ca cases of unnecessary ‘hardship; and (3) recommen 
to the City Council changes in the zoning ordinance. 

‘The State law does not grant Boards of Appeal the power. to chain 
F “zoning ordinance or to change the classification of property u nder the zoning 
plan, but confines the power of amending the ordinance to the City Council. 
# 1934 Amendments. —In 1934, the section of the Chicago | Zoning Ordinance 
f 1923 3 dealing w with the Board of f Appeals was amended by the City Counail to 


a 


specify who should be to membership; to provide for board member 


which the might mak in pec of were enumerated. ‘ 
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RE-2ONING URBAN, 
The power of permitting v variations : is in — — terms that it affords — 

the possibility of grave abuse. — No standards are defined to guide the decision 

of the Board, but judgment is left almost e1 entirely to the Board’s discretion. - 
For example, the zoning ordinance specifically provides that no manufacturing 

use shall be permitted in a commercial district. The 1934 amendment author- - ci 


izes the Board to grant permission | to devote premises in a commercial district a 


= ariations o} of this character may be right : and n necessary | to prevent bardahip, : 


the Board constitutes the sole judge as as to whether or not the n non-conforming — - : 


use is injurious to neighboring property. Moves the hands of an mee far. 


aig was ‘passed. » At that tim e, the incorporated area was 201 sq | miles 4 
and comprised the uses: shown in Table l(a). The developed a area era 
143 sq ‘miles. . The remainder of the area (58 sq sa miles) was occupied by water, 4 


1. 


—Lanp Use 1n Curcago , 


(b b) As ZONED IN _(c) Errsctr or 


4 a) As or 1923 


Percentage Area, in Percentage Area, in 
of incorpo- Square of incorpo- square 
rated area | miles miles 


2.9 
19. 


Parks and playgrounds 
ater and vacant 


— 


201.00 | 100.0 100.0 


nance, rw entire ar area of 201. sq miles was zoned for the uses indicated in ae 


Table 1(b). All vacant areas were defined for use of some character. Water 


areas were zoned for ‘the same use as contiguous areas. 2 ie comparison of “a 


Figs. 1(a) and 10) shows that, although the zoning ordinance increased the 


total dwelling a areas 1, 45 times, the single-family dwelling areas were e decreased | A 
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ittee 
by = 
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to a Manuiacturing use where the appropriate use neighboring property 1s 
ron — 
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ainst 
1e of 

this Present Use Factor.—Iin developing the need for re-zoning, the most prac- 

ticable “measuring stick” appears to be the factor of use. The — 
eight 4 

tions — 
Ordi 
ently 
road 

fou 

wo-family dwellings............] 15.66 | 7.8 | 38.55 18.70 
ope 15.98 | iii 

 £4a,~ 
| 

46.60 3.3 | 46.60 | 23.3 6930 | 
.| 201.00 100.0 — 
nance 
cil 
| 

f the 
ed. — 


Commercial areas wer 
2.86 times, and manufacturing areas were increased 1.88 times the 


would take place in and In the last thirteen 
years of that | period 539 building permits were issued, which, translated 
into land use, is ‘shown in Fig. l(c). fi, During | that period an estimated total 
- of 21 965 permits was issued for demolition of property, which number, trans. 
lated into shrinkage of use, shows a decrement of 3.15 in percentage of de. 
veloped a area. a net percentage of added developed area occupied during thel 
r dwelling purposes was 8.0; for commercial areas, 1.9; and for 
te Number of V ariations.— —For this same period a number of variations ov. | 
the zoned use, the net ‘interchange i in n the area (see | 


of use predicted in the 1923 ‘ordinance. There was 
Tittle: change in the areas s actually devoted to commercial and manufacturing 
use, which uses were provided for, generously, in the original ordinance. i” 
Residential vs. Business Use.—Residential use, which was assigned the 
least area for expansion, showed the greatest development in the ‘period. 
x Demolition has not helped the situation because the largest § areas thrown into 


- disuse | are commercial and manufacturing, and those are the areas that wer 


are somewhat irrational , of course, because of the interrupted nor: use ah 
sorption resulting from the depression years from 1! 1929 to 1935. Considerable 
See has occurred in the use of railroad and manufacturing 6 Propert ty. 


The percentage of developed area occupied by various 


determining the use factors for. as an entity. | 


In order to have a proper comparison with other self-contained cities, the dats : ' 

should include the because they are largely residential areas the 


4 


ig. 2(b) ‘shows the developed area of Chicago in 1936 within the city 


- limits, ‘amounting to 157.77 sq miles, and Fig. 2(a), the developed residential | 
areas beyond the city limits, comprising 76.50 sq 
Suburban Factors. —Only those suburbs have been included in this study 

part of ‘oven if located outside the corporate 


0,” as shown in me. 2, ne 
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76 SQUARE MILES 
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(6) CITY, T58 SQUARE MILES 
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— TOTAL AREA - 


Net Changes 


|| | Increases +0.63 +0.07 


|__| Decreases] 0.49) 


ae (f) ZONED USE CHANGES, 1923 TO 1936 


PERCENTAGES 


| Apartments 


‘commercial 


Residence and 
Apartments 
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1 Inte o | |] = ROPOLITAN AREA, 234 SQUARE MILES 
| ZONED USE, BLIGHTED DISTRICT, — 


id 


M .Am Soe. Cc. will be noted that the percentages: of develope fl 


= in these sixteen cities and in 1 Chicago are in very close “agreement (see of ' 
2(c)). ‘This indicates that factors determined his survey are eres 

plicable to large urban areas, such as Chicago, with the exception of the classi uses 
fication of residential use. In Chicago, and probably in other similar cities, J sim 


: 8 much greater percentage must be allowed for two-family and apartment ‘4 
- house u use, and a shading of use for single-family dwellings. The ratio of all § zon 
land-use areas to population, in terms of per 100 persons, « can an readily be Hor 


_ When the information developed by Jand-u use surveys | of other large urban of v 
¥ centers has been compiled in terms of percentage of area developed for ‘the Ind 
z various uses, city planners will have a valuable means of allocating city | area, mal 


definitely, tor various uses and for different classifications of city population. ord’ 
Therefore, any city, after i it has reasonably determined its prospective future den 


si population, can zone properly for - present u use and can determine ‘the proper of it 

_ Zon ng. M istakes.— When the present use of property in Chicago is com- @ was 


pared with the zoned use, and it is found that after thirteen years practically . 


none ¢ of the increased use anticipated i in 1923 has occurred, one cannot escape pro; 


conclusion that present methods badly distorted and that are: 


but also with respect to the distribution of various uses. Little « 
ideration has been given to tapering off from highly | restricted uses to un- fm Tesi 


uses. There i is lack of buffer property between manufacturing use 


4 Chicago (and perhaps other cities as swell) arbitrarily zoned d major and n minor 
‘streets i in checker-board fashion for commercial | use, and zoned areas for r resi- 
s _ dential use contiguous to manufacturing use. It will be necessary to delete 
miles of such zoning and to replace it with residential use. Further: 
a “Blue -Sky” Zoning — —“Blue-sky”’ zoning h has as complicated the tax machinery. 
ei If valuations are based ed on the present value of hundreds of miles of ‘fictitiously 
"zoned commercial } property, where > because of 3 its blighted nature there is n0 
income, this cannot: possibly mean ‘anything ‘except tax delinquencies. 
a also applies to many areas ‘that have bee been zoned for large volume residential 
roperty. deficit thus produced must be made up in some other 1 manner. 
Surveys i in Cleveland, Ohio, New York, N. Y., Boston, Mass., Los Angeles, 
‘Calif., , and other ci cities give volumes of ‘information on this subject. 
matter of fact, improper zoning | isa blight in itself, in that it , specifies a use and 
vol e that can never be attained. While awaiting the advent of such a 
pected 1 use the property is ‘often allowed to | fall into disuse because it does not 


"gee seem worth while to. spend the money to we iti in condition for its former use. 
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than the need ene The removal of the “honky-tonk, ” mushroom aii. i 


of ‘of “hodge-podge” ‘commercial uses that ‘now clutter the main highways and 


create: a ‘dangerous marginal friction, accomplished by pushing these 


guile to that being done on highways in ‘some foreign countries. em 


Re-Zoning Needs.—One notable example i in Chicago of the impropriety 
qoning rei residential areas near manufacturing: areas is the Trut ron 


Project of the Public Works (PWA) i in the South 


Indiana Railroad. The housing project is in the v very heart of a large 
‘gins btw area. The Government asked for a ‘revision in the zoning 
ordinance, but when it was discovered that if this area were ‘re-zoned for resi- 


request for aprrdpe zoning revision was withdrawn, 


Manufacturing property needs protection just as 
property, and | this protection would seem to be the utilization of contiguous" 


oo 


areas for commercial use, tapering off into residential u use, the latter being — 


free use of. “such manufacturing» ‘areas. ‘There is also opportunity in this 


buffering process for an appropriate areas 
-tesidential and commercial use. 


corporation. Consider a . hotel, for example, apply to it the factors of 
Chicago’s zoning: 52% ‘of the hotel’s floor area was zoned for show rooms, 
restaurants, and other commercial uses, including its operating facilities, 
whereas only 39% of the total floor area was being | used for these purposes; 
only 4% ‘was zoned for. single rooms, whereas 29% was being 1 used for this : 
purpose; 26% was set aside for double rooms and only 17% of the area was © 
actually being so used; and 18% ‘was zoned for suites whereas only 15% of the | 
normal hotel area was actually being s 80 used. Every one 1 must t appreciate how 
illogical such a condition is w when applied to a business corporation; ‘but few 
people seem 1 to realize that i it ‘is equally | illogical when applied to a eri ts 
corporation. va ~The } proper basis for zoning is the ] present use factor, , and antici- 


pated future absorption of vacant property must be provided for on the basis” 


n the least, re- zoning is ¢ essential before 
can be rehabilitated is the situation in n Chicago, where 


the blighted district is twice the size of Manhattan Island, New ‘York. Iti 


“the backyard of the Jake-front development, virtually f rom 
Belmont Avenue on the north to 63d Street « on the a from ~T Loop” 
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est to Kedzie This total aren 51 sq which 
sq miles are blighted territory. In this district, which is about one-fourth 


he 


the total area of all Chicago, | live two-fifths of the population—about 

ri 300 000 people. y The district contains 169 000 families of the lowest i income — m 
levels. Maps of this s district, prepared by the Chicago Plan Commission in ; a 
: collaboration with the Social Science Department of the University | of Chicago, © P 
show that the density f population i in the 287 census tracts in the district are al 

—Comparing the 1930 use map of ‘this area. with the goned | use, 

condition i is as shown i in Figs. and 2(f). ‘The effect was to decrease 


the population in total dwelling areas, 27%; increase it in commercial areas, 
15%; and increase ii it in | manufacturing areas, 37 per cent. _ These data certainly 
bt ae a strong argument. for re-zoning this area. - The need for rehabilitation of 
& Be area is emphasized by the fact that 70% of the district is occupied by 
; frame | structures from 30 to 60 yr 
Fede Home Ownership.—To \ what extent do the residents of this section own the 
homes i in which they live? In the 414 census tracts of the 1930 Census the 


‘distribution i is as shown in Table 3. In 72 tracts less than n 10% of the families TE 


et 


values were as 


a 
» 


the 414 census tr 
nin Ta able 4 - The living ¢ Fanotine in ‘one-third of the census 
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tracts in the district yield an average rental of more, th 

iving quarters in two-thirds of the tracts yield only from $10 to $39 per month 
‘The zoning volume regulations in this district are such that a building height 
66 ft at the street line a and 132 ft maximum with set-backs, may greyall i in 


_ Population Changes. —One of he effects of bh ight and 

presence, is the mass movement of residents a away from a a district. ee The bound 
aries of the territory of principal population decline o of Chicago, 1920-1930, 
_ shown by the broad black band on Fig. 3, coincide génerally with the bound- 
aries of the blighted | district. This district contained 1 060 716 residents i in 

1920 ig In the 10-yr period it lost 146 354 people, or 13. 8%, leaving 914 362 


people i in 1930.2 In next four the continued d, the 


dropping to 848 803. e in 
‘amounted to 211 913, nearly 20 per: cent. “In 1934, the of 
7 territory of principal population decline had moved outward as shown by the | 
broad black line on Fig. ‘The 1920- 1930 territory of decline is is shown bounded 


70 091° residents, or. 4, 3) per cent. 4-yr loss of the original district 
a population decline of 2 282 004 for bo both areas. ‘Until the years 1920 and 1930 
“res spectively, these areas had. shown as steady increase i in population. 
Rehabilitation oj of Blighted re- 
-goned regardless of ony particular method that may be adopted for r financing = 


Some of the sources of blight. are the following: (1) 


Decentralization and moving away of factories and industries ; (2) public im- 2g 

provements that provide outlying developments which induce the higher 

| mn of a district to abandon the old and move out to the n new; (3) faster Zoe 

_ transportation that. enables people to live farther away from their place of og = 

employment; (4) retention of old. unfit housing and lack of suitable 
facilities for lower income groups, ‘resulting in over-crowding of run-down 

districts; (5) single-family dwellings occupied by a multiplicity of families; 
(6) removal of the established residents and the incoming « of new residents with i ; e 
less civic interest and generally with less income; and (7) depreciated land 
values; ; weak owl ners; repeated change in “ownership; Tack of adequate main- 
tenance because of surrounding dilapidation and fear of what adjoining prop- 
owners might do that would still further depreciate values and income. 

E2 Annual Deficits. — —If city expense in 1 Chicago were pro- -rated on the basis | of 


area ‘and compared with revenues received from the ‘bli ghted districts, the 


— 


>. would be : a deficit of tens of millions of dollars, , assuming that all taxes 
were paid. As a matter « of fact, there are 24% delinquencies i in tax payments, 
$0 that if ‘the deficit \ was paid by 10% « of the city area, including the high-cl class 
"business and residential property, as was shown t to be the case by a survey 
made i in Boston, -Mass., that fact should be some incentive for the ¢ hadi s . 


Data of of 1920 ond 1960 Social Science Dept., Univ. of 
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e answer is to be: fata in two rfustnodionai ta factors: First, vital consideration 
of the sources s of workers’ income; and, second, the ability of workers to pay 
for living quarters of not less than ‘low- cost” housing 


‘tact use and the contingent s sources of labor, such as railroad service, ete, 


in the s areas to the The W Vest Central Association 

al which is 

ae away every year ~— the lack of rede transportation arteries, the dis- 
integration of neighborhood areas and other causes which have brought about 
_ the dry rot which has been steadily eating into the entire west side section 
during the last twenty years. One business concern after another is forced to 

move into other districts where more favorable conditions are available. In 


the five years between (1924 of the five | large” industries moved 


Manufacturing ‘must be. in blighted areas. These 

ake plants must be given | protection against ‘such 2 soning of contiguous a areas as 
will re: restrict manufacturing expansion. — New manufacturing. concerns must be 
induced to locate in blighted districts because this is an essential means of 
= stabilizing these f fast t deteriorating areas. _ Adjustments must | be made in tax 
valuations to bring tax rates in blighted districts down to a level as favorable 
as that in effect on the outskirts of the urban areas. 


Income Needs. —People cannot live i in any kind of housing paiilidiaine W ithe 
me me Comey, m. Am. § So oc. C. _E., has described the situation 


ter 


Ag slightly ifferent approach to ‘population planning i is afforded by com- 
 bining it directly with a study of activities, largely expressed in terms of 
- numbers of people. Thus we may inquire not merely where people h have been, 


are, and are likely to be, but alsowhy. * * * Pursuit of livelihood is a most 


compelling 1 “why,” for most ‘of the population. 


‘The problem ¢ oft a . standard minimum wage is a national one, but it is ev wvident 

that the i income of a oe, ey ed _—S cannot be less than, say, five 


income > of a family sinfully must be as sto 0 permit it to hive in 


3 The rehabilitation c of blighted | areas has been an enigma for many years, an 
it will continue to be an insoluble problem. unless these two factors are properly: 
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z (a) In Chicago t there are 44 sq miles of blighted t territory piling upenormous _ fi +a 


deficits year, which deficits must be met by the owners of property i in 
other areas. 


4 taxes y because they have ‘lowed their property to 


do not keep it in a condition that would give it adequate value to beat at its: 


(b) These blighted areas may have had some prospect of development 
before ‘soning, but. their prospects are now stationary” because they are im- 


properly zoned. _ They be re-zoned; and must be — of 


to make their property habitable i in accordance with 
__ (c) The zoned use of these areas is is entirely out of line with the use shown to Ba £ 


possible by the application of normal use absorption factors. 


(d) There are ntiles of spurious commercial frontage and the pattern | 


_ location i is irrational. pi Fortunately, ‘little has happened i in ‘Chicago to change 
the “picture” ‘since 1923. Hence, Chicago can be re-zoned i in accordance with 
"present standards without changing anything more, than the zoning plats. 


Link 


four surveys | have been made i in | the United States and, no doubt, fou more 
are under WAS, Most city y planners are familiar with the. startling disclosures 


comprehensive land-use surveys cannot ‘financed, good 
‘results i in fact-finding can usually be obtained from census data, use of insurance “7 ' 
plats, assessors’ a cards, and other data o on file in city departments. 
ie Re-Zoning Plan. —The second step, of « course, 1s the preparation of the official seu 
ed from the survey 
“and thoroughly with respect to the average use | factors of other cities. 
Officials have carefully estimated the future population growth of all cities moe 
‘that, by applying the ratio of use per 100 population, a final total percentage of oe 
developed area can be arrived at for each use gi Some cities | probably have suffi- a3 
cient vacant property to accommodate future requirements. ..: not, the appli- 
“cation of. the use factors | will ‘give e them a Se gst of the additional area ‘that 
“should be incorpora 
- Manufacturing Areas. .—The location of manufacturing areas will be largely 
a determined by transportation facilities. _ The zoned areas for this use should be | 
hecked off, and increased or decreased i in size according to the use factors, but ' 
not ‘changed. in location, if the original zoning was logical. In Chicago, the 
eation of the manufacturing areas: would not be substantially changed i in nany 


aoning plan, 


What Do the Studies Show Further?—Referring once more to the studies 
y 
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Commercial Areas —OF « course, all existing important commercial centers, 

areas, and frontage of n major r street intersections will be included as routine 


re-toning. Vacant commercial frontage should be eliminated from the area 


zoned for commercial uses 3 unless shown to be needed b; the use absory tion 


Re. In iindition surplus area for future expansion of business, two important 
ae factors are involved: (1) Commercial use should be interposed between manu 
a! facturing use and residential use; and (2) proper provision s should be made for 


ay 


proportioning the e expansion live commercial areas. The foregoing 

process should proceed until the total anticipated use is absorbed. wh 
Por 


Apartment Areas. —Multiple- family y residential use should be zoned for 


3: . a or and minor arterial frontage. I In the process of rehabilitating ' the blighted — 
district these thoroughfares should receive appropriate design and cross-section | 4 
Residential Areas —Two-family and single- family dwellings in general 


_ should occupy areas’ buffered by multiple-family use, parks, and commercial 

Bs aie _ In examining the map of Chicago’s blighted district, one may see how rthese Bs 

factors ean be in re- -zoning the area without upsetting anything = 
than the 13- yr-old pages of the original pening ordinance. much | 

4 


next step, of course, is the publication of ‘the re-zoning 


a complete disclosure of the social, economic, and. physical conditions: 
Bes involved and the advantages to be gained by the proposed re- -zoning. ‘That al 
= should be followed by a ree to inform the citizens as to the benefits to be — Thus 


Summary of Answers to —On December 18, 1936, the writer 0u 


circulated questionnaires to 154 cities, and 102 replies were received from cities 
having a total population | of 26 689 000, or r more than: 22% of the entire be 
120 000 000 population of the ‘United States. ‘The purpose of the question- 


naire was to reveal the zoning ‘situation as it exists in cities throughout the prov 
nation. This i As adequate to give a true cross- “section of the zoning situation — over: 


the entire United States. The data developed by the question prop 


the 102 cities that replied, 14°00 ‘of the 88 
_goned- cities, 59 declare that re-zoning is necessary and 29 state that it is not t 792 
ie "necessary i in their particular cases. Of these 88 cities, 9 have been re-zoned, | ~ 
according g to the replies, whereas 37 others have been “partly” re-zoned, a total : ' * 


the 7 cities with less than 250 000 population, 39 feel the need ques 


In ‘cities of this class the sentiment seems fairly evenly ‘divided. 
In the 25 cities of 250 ( 000 population and more, , 20 report that re- re-zoning is basis 
: needed, 2 that it is not needed, and 3 did not veply. 4 Thus, it seems clear that en, 
e the need for re-zoning is much more evident in cities of more than 250000 #@ “nd 
these 25 larger already been re-zoned and ally 
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determine the best of public approval for 
question was propounded in the form of four alternatives. 
Public Approval for ‘Re-Zoning.— —Question 4 asked if public approval of 
re-zoning should be based entirely ‘upon t the general : deri 
that is, is desirable? 
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Question 4(a)|Question 4(6) Question 4(c) 
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in 100% of the tities felt that the 
Te-zoning plan had been completed as outlined, public and official 
should be sought on the basis of the benefits disclosed by it, with property 
owners being given the opportunity to voice objections, so that provision could Me 
Re-Zoning for Highest and Best Use.— uestion 4(a) asked if public ap- 
proval of re-zoning should be based « on the argument that by reducing the area Pe) 
overzoned for commerce, industry, and apartment use, the value of the areas | ae 
‘properly zoned for these purposes would be i increased as a result of such limita- _ 
, tion; that is, that the smaller area for each use would increase land values. Bee 

x Replies to this question were received from | 87 cities. Of t this number 80, 

i or 92%, chose this method as being preferable to the: remaining two alternative 
methods suggested in the questionnaire. _ Three cities picked Method aid as 
their second choice; ; and four others picked it as their third choice. | 
é Among cities of less than 250 000 population, 93% of those answering 1 the = 


questionnaire selected Method 4(a) 9 as being the best; 57% of the cities nena a 


would be 
‘omistent with the actual development of an income from property. This i is. Bi t's 
“condition t that i is now ‘impossible i in n large sections of the United States. s. To-day, 
all property is menaced because of lack of stability. In the long run, ever Gy 
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placed in its proper of highest and best for and will be 
ae through the logical forces of use requirements which operate gradually 


o force iroronatata en the law of supply and demand. rn For this to he: 


_- Paternalistic Method of Re- Zoning. —Question 400 asked if public appr oval 
of sennian-4 should be sought. because of the value of rehabilitating | blighted 
_ districts through governmental financing; that is, by paternalistic methods. = 

Replies’ were received from 66 cities. Wises, selected it as their first 

Bee 03 choice; 24 selected it ass second choice; ee 33 selected it as third ¢ choice. Thus, 

Ms, ae 14%, considered it to be of first importance, 36% of second importance, 

: 50% of third i impor tance. _ Among cities: of less than 250 000 population, 

| 18% considered Method 4(b) to be the best; : 34% ranked it as their second 
‘ choice; and 51% felt it to be their third choice. Thus, the smaller cities clearly 
: ‘feel Method 1 4(b) to be the least desirable of the three alternate methods sug- 
of 250 000 population and more the vote on Method 

M ethod of —Question A(c 
of re-zoning should be sought because of. the of rehabilitating 
blighted districts through | non- 1-paternalistic: ‘methods, such as some form of 
trustee | plan, limited dividend corporation, public utility housing ‘corporation, 


sad other private organization, , aided -by governmental financing, but not under 


‘three cities replied te this this: number, 12 cities, 


“selected Method 4(c) as repeating th 


among the three 
4, 


with power to issue building loans for dividend housing 


4 


iy The ‘he Public ‘Works Administration wa) t began it its housing program 
a ca in 1933 by making loans to limited dividend housing corporations initiated by 


the RFC. Seven projects were financed in ‘this way. The PWA turned to 

Federal: construction, under which plan fifty projects were undertaken. 

Since December, (1934, 20 States have enacted housing legislation in 
Me cemsRinan. with drafts submitted by the 1 PWA, providing for the creation of 
= Pe: housing authorities: that have broad p pow ers to undertake and operate housing 
‘Projects, but which are without taxing power. The authorities are given . the 


(d) Now (1988) the PWA is -decentralizing public housing and turning over 
to the State and local housing authorities the responsibility of initiating, 
constructing, and low-rent housing projects. 
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—The following items be kept in ‘mind i in determining 
the the State and local authorities in 1 attempting to initiate, con- 
struct, and operate low- rent housing projects: (1) The enactment of enabling © 9 
legislation; ; (2) it is necessary for the municipality to furnish the. housing author-— 


ity w sufficient money to its first year’s administrative’ and overhead 


to the housing in addition to tax exemptions; (4) n munic- 
ipalities might find it necessary or expedient to sell, lease, or donate property — 
to the authority to furnish | parks, playgrounds, and other facilities, and to 
“Te-one or re- plan affected areas ; (5) it will frequently be necessary in connection 
with the financing of housing | projects for long- term agreements to be e entered — 
q nto between the housing authority at and the e municipality r regarding the furnish- . 
ing of: services and payments therefor i in lieu 0 of taxes; (6) to accomplish | Objec- es: 
i tives (1) to (5), the PWA is suggesting the enactment of the housing corporation | 
law; (7) the will operate ‘fifty. housing projects; | (8) it is suggested that 
sider appropriate and effective State legislation these projects be leased or sold. 
to local housing authorities as soon as possible; and (9) it is also suggested that, pes 
in the future, all low-rent housing projects should, in general, be undertaken by — 
local housing : authorities on a loan-and- grant basis. 
ent The proposed plan apparently obviates some of | the difficulties of the former 
plans for financing | low-cost housing, in that the municipal housing a: 


interests could their property into an equity or community trust 
construct, own, and administer low-cost housing properties with the aid of “i Rec 
Government , subject to all the e requirements to be imposed 
‘the municipal housing authority under the ‘present arrangement? | Such a plan, ; 

of course, should ve based upon a limited return on the investment of the prop-— 4 


erty owners. oe rom a . purely social point of view this would be much better | 


“than the present condition in which slums are subsidized by ‘draining municipal - 


Bes 


‘posible under the present plan, because of the of the: property, 


F ‘in the development. The municipality would be much better off i in the long 

7 run, because it would receive revenue from a much larger area than is possible 


“under the present plan, as rehabilitation could | be made much more e ensive. + 


Criticism of the 5 plan because it would involve | a Federal grant toa a co 


“operative society for private pro ofit. should take into. consideration that the 
subsidy would be for a public purpose. _ It has certain “strings” attached to i 
in that the equity trust must be ‘operated for limited profits and must achieve _ 
lie rentals consistent ' w ith | those necessary to reach the levels 0 of the standard 


low- -cost housing . T he 2 trustee plan would employ labor and s mul ate industry 
on a much larger scale than would be possible with the ‘same expenditure of 
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“of housing because it weakens private initiative. This is avoided 
in the equity trust rpg as the property rights : and | control would ; remain 1 with 


would be clarified, and the be free from the e ever-growing 


Prime requisites for this. kind of plan would be sprint the e selection 


to occupants of 


= 03 


— 


A 


stance, Clifton R. nat in avr of of the | City Panning and Zoning | Con- 
mittee of the Chicago Real Estate Board, writes: 
vidual =. he Real Estate Board has based its plan 0 on co- operative in- 


5B 


“Our Committee feels the place to start is with the snails he own the 

ene They feel paternalistic policies are bad, in that they tend to weaken the 

citizen. Many proposals are advocated as emergency measures, but even 

measures should be carefully scrutinized. 

g Real Estate Board. —Some of the points of the 1 rehabilitation = 

dvocated by the Chicago Real Estate Board are: a2 

“To arouse local public opinion and public spirit so sO the people. themselves— 


= property owners and oe participate in the — a 


quity trusts for the purpose of low-cost. housing areas in which 
individual property is is assembled into large holdings; but there has always been 
ae he complication that private capital: could not be induced | to take t the risk 
because of the many , unstable conditions inherent in the ‘proposition. These 


conditions include instability of low-cost housing areas relative to adjacent | 


areas and uses; the availability of employment for residents: ;and the ability of 


esidents to. pay the rent in such low-cost housing when constructed. __ bs 
If a , region ; is re-zoned, however, manufacturing i is retained and invited to 
ome ‘into. ‘the blighted district, and low- cost housing “projet ets are built 1 in 


for housing the income Toups along 
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“main thoroughfares ¢ crossing g the district: and it i is in areas ‘that. ‘the | as- 
sembling of property into an e equity for ownership ‘management and 
operation, or for : any private undertaking, might be conducted with success, 

because of the stability the. district would ‘gain under the new setting. 


Limited Profit Agencies. —There i is also the possibility « of pooling property 
interests in an equity trust that could obtain funds as a limited-profit ae 


agency, at interest rates not less than the going Federal rate. _ The limited- 


housing agency would be -Tequired to maintain the low- character 


ot the housing, and, therefore, would not come into direct competition with — 
> ‘The plan of pooling property interests: in the formation of a limited profit 


fom funds would be available for cos 


ox 
Many interesting comments were ‘made on the 
referred to, among which the following were most valuable: _ 
(1) Zoning is useful in ‘protecting ‘new sections from blighting influences; 
‘but alone it can accomplish little i in rehabilitating 1 run-down 1 sections. — It ¢: can- 
not be done intelligently unless correlated with a comprehensive city plan. ce 
2) Re-zoning is needed not so much to protect and increase value as to. 
g - protect amenity and stability which, in turn, will be reflected in future value. — — 
Residential owners want protection of the character of their neighborhoods. — 
7 Business property owners want reasonable opportunity to use their real estate 
profitably, consistent with the governing law of supply and ‘demand. 
(8) In  Te-zoning an attempt should be made to meet the following ratios: 
Highways. and streets, 31%; apartments, 15%; homes, 37%; business, 5%; - 
mac) Re-zoning should be along scientific : lines after a a careful survey | of a 
city and of the trends in other cities of similar character; and it should be — Z 
_ without property owners’ selfish and half-baked notions. The average property — 
owner will not devote enough time to the problem to understand it and ee 
rezoning in his own interest, especially in areas now over-zoned for business u use. a 
i (5) Re-zoning should be planned so that each area which shows 
trends can develop in conformity with that trend, carefully considering the 
lation to abutting districts of higher or lower elnatifiectines:; and giving special : 
attention to the developments permitted along boundary lines. 
(6) A metropolitan committee is recommended "consisting of "property. 
_ Owners, realtors, architects, builders, t: traffic men, financiers, attorneys, physi- — 
health authorities, officials of street railway and bus companies, planning 
“agencies, and engineers. Planners should profit by forme ‘i 
- their ‘findings 1 to the City ¢ Council and have them enacted into Jaw with “ hex : 


i it; ‘make re-zoning conditions non-political. 
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LONING | URBAN AREAS 
to enhancement of all civic values. It isa ‘a civic. 
8) A practical supply-and- demand analysis (covering both the present and 
Bt potential need for residential , business, and industrial uses, based upon oto 


date, accurate, detailed information, and upon comprehensive planning con- 
siderations) i is she. proper formula re-soning w much more 


pe Sin (9) The main . problem, in addition to reducing business zones, is to reduce 

vast areas zoned for large a artment houses, but built u with s single dwellings, 


“duplexes,” ” and flats, to. zones protecting existing uses. principal argu- 


RES 
E ‘ments in favor of such re-zoning are: Additional protection to home districts; 


stabilization o of property values a: and community development; prevention « of 
eke caused by e evacuation of home owners: to newer protected areas when 
apartment houses. ‘intrude; and prevention of ‘new assessments to ‘provide’ 
_ additional public u utilities to replace t those overtaxed i by ¢ the increased population 
brought in by the intruding apartment houses. 
bis _ (10) Re-zoning should be based on a land- ~use survey of the present built- “up 
promas and upon an estimate of the future trend of growth of undeveloped ne | 


—The is quite convincing that ¢ cities, particu ularly the 
cities, must be. ‘Te-zoned if urban area uses. are to be proportioned correctly 
located in advance of any ‘further ‘city development. Ro 
aF, 2.— - ‘Zoning plans must be recast in many respects | to provide: an equitable 
3.—L —Land-use ‘surveys show conclusively that ‘absorption of urban areas 


eo A occurs in accordance with definite factors, which can be » applied with reasonable. 
accuracy in apportioning city areas for various uses. 
ss Property now static because of improper zoning must be dented of its. 
ee See $ us erequisite for its development to its highest and best use. 
an ae ctitious use as a prerequisite for its development to its highes est us i, 
re Feeby —The method of re- ~zoning must first be tested against a land-use survey; 
then an intelligent. analysis of the results of. the s survey ‘must be made to 
re determine present land use and trends; third, the factors of use absorption 
must be determined, based on this survey, ap a taking into consideration surveys 
made i in other cities of ‘similar character; and, finally, these factors must be be 
applied intelligently not only to present developed areas, but also i in the alloca- 


tion of use areas for the future » absorption | of vacant. ‘properties i in a accordance 


—Upon completion a the fact- finding survey | and the recasting of of use, 


/ an offical plan should then be prepared by an official planning body. Pe a 
—A strong citizens’ council should be formed to serve | as an advisory 
group to the planning body and to throw the weight of all civic organitations 
back of the re- -zoning plan—a body that should be free politically, and frank, 
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—This council s 
body. with the tax assessor's of in 1 the preparation of a an 
equitable valuation of property for taxation | purposes, developing information 
as to the ultimate beneficial effects that will result from having property — 
revitalized and put in line for developing into its highest. and best t use. fos 
—It should be the policy of the city to seek approval of re-zoning on the 
~ basis of an official zoning plan based upon a scientific analysis of land-use infor- — 
— ‘Such a plan should be used in the determination of use absorption 
for the present and future; and planners should develop a direct official method 


of it into operation the of the citizens’ ‘council, 


cotrection of the conditions ‘that are causing manufacturing and 
to decentralize. it should be the purpose of the citizens’ co 

‘to re-value blighted district property for taxation in a manner that will seta a 
as well” as attract, additional diversified manufacturing, most essential 
requirement if employment | is to be found that will make it pos ssible for the 
residents i in these areas to live i in low-cost housing. ak 

11 —The citizens’ council should adopt a policy will embrace the 
paternalistic method of rehabilitating blighted areas, because it will find 


cation in large areas of the lowest income g groups. addition to the plan o of 
rem and grants to municipalities i in the present policy of 


method of permitting seephety owners to aseemble their property under | som 
: form of trustee plan that will permit 1 the development of large areas of low- ial; NS 
housing with the aid of Government loans and grants. H The first method places 
_ the ownership — and administration of a low-cost housing project perpetually 
with the governmental body; the second method would make possible the 
- development: of much larger areas for low-cost housing, and would place the — 


ow and in the hands of the property owners rs themselves. 


housing agency. the and the non-paternalistic methods | 
low-cost housing are necessary for the rehabilitation of blighted districts. 

“non- -paternalistic method should include some appropriate plan. that will | p 

the property owners themselves to become a factor in the rehousing process of 


pooling. their interests into some form of that will ll greatly 


Es Finally, with the > following factors assured: (1) “ stabilization of property 


in blighted. areas; (2) the correction of factors that ‘are now operating to 
‘decentralize anufacturing and (3) development of low- cost, 
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the city in the matter of utilities and the creation of 

ae oh areas i in locations that will serve as buffers between manufacturing property tg 
= residential property—it is a foregone conclusion that private capital will J 
be attracted on a large scale to the construction of housing for the higher § — 

groups. will be especially attracted along the boulevards and 
major and minor streets crossing the blighted territory, particularly if proper - 


attention is given to the design cate construction of these thoroughfares, a mat- 
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WATER SUPPLY ENGINEERING 


REPORT OF COMMITTEE OF SANITARY 


he 
» 


regarding possible changes in ‘the form of the report. There was some senti- 
ment in the Committee in favor of placing more ‘emphasis on the matter of. ‘¢ 
trends in water r supply ¢ engineering ‘and omitting notes” of -water-works con-- 


» 
‘struction in progress, floods, and unusual events. _ As the consensus of ae 


Industrial Supply for Dicwingha 
briefly in the 1936 ‘report.2 on the lar, 


3 
approximately miles of transmission and distributing main from 60 in. 


to 16 in. in diameter has continued during the year, and the work i is expected 


to be completed during 1938. The total cost is estimated at approximately ee 


3 Metropolitan — Water District of Southern California, Supply from Colorado 
River —Construction continues rapidly on this great project of building the 
Parker Dam, on the Colorado River, and an aqueduct (392 miles long) across 
country to. the Metropolitan Water: District in and around Los Angeles, 
Calif. Iti is predicted that the first installation will be ready for use in 1939. 


Coffer- ‘dams ‘up stream and Leen stream at the Parker mane site were com- 


extends 235 ft below the and the dam 85 ft above the 


stream bed, making its total height 320 ft. Iti is of the arch type. * The aque-— 
- duet will have a capacity « of 1 605 cuf ft per sec when all the parallel pipes in the 
inverted siphons are installed, but. only a part , of these lines and s some of the — 
pumps will be included in the initial installation. 


% S; Norgz.—Written discussion of this report will be transmitted directly to the Chairman for the infor 
3 1 Presented at the meeting of the Sanitary Engineering Division, New York, N. Y., January 20, 1938 © 


4 Proceedings, Am. Soc. C. — April, 1937, p. 693. (The following corrections are to be noted for the 
report: On 8, cha: and | on 697, , Line 12, 
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ATER SUPPLY ENGINEERING 


A ingeles, California. —This work which in-) 


and 550 ft long at Long Valley, as well as a . tunnel 11.3 miles long, will be ready 


hee Denver, Colorado. —The s additional reservoir and Moffat Tunnel with various 


supply conduits for bringing a new high-service ‘supply into Denver will be 
completed during 1938. The pipe line includes a reinforced concrete pipe 54 


in. in diameter for a head of 400 ft. yy p 


Central Valley Project, California. —The United States Reclamation Service 

is (ace a beginning on the construction of this long-considered plan for 

bringing the surplus” waters of Northern California south to the delta and 
‘Suisun Bay regions near San F ranciseo, and to parts of the San. Joaquin Valley 
which, in recent years, have suffered greatly from insufficient’ water. T his 
the total cost of which is estimated at approximately $170 000 000, 

74 includes Kennett Reservoir on on the Upper Sacramento River which will have a 
capacity of at least 000 000 acre-ft (1 000 billion gal) behind a ‘masonry -dam 
(recently renamed Shasta . Dam), 420 ft high, a smaller regulating reservoir a few 
miles down stream from the Kennett Reservoir, the Contra Costa Canal to 


supply w water to the meee § Bay region near mem rancisco, a series of pumping 


Joaquin the Friant on San Joaquin Rive where a 
parva of 450 000 acre- -ft (150 billion gal) will be formed behind a dam 2. 


high. The growth and prosperity of California : are absolutely, ion 4 on 


the utilization of the available water supply, since so much of the occupation 
of the State is concerned with the growth of fruit, nuts, , vegetables, and grain 


on which i is productive only rhen irrigated and is then very productive. 

3 v t for 
taking 2 ae n additional ‘supply from the Ware oni Swift Rivers, 50 to 60 miles W est 
of Boston, Mass., and bringing | it by tunnel, 25 miles” long, to the existing 
Wachusett Ri Reservoir, which i is about 35 miles we west of Boston, As now nearing 
completion. ‘The Quabbin Dam behind wh hich a reservoir of 415 billion gal 
will be is the last. major item in the present program. This is the 


dam, ‘it will b be Tecalled, which has been described as having a core- 


gh co Ga. _ The estimated cost is $500 000 0 of which $180 000 i is to cam ‘money 


supplied by the Public Works Administration (PWA). 
sig General Study of. Water ‘Supply in New p Jersey.— —A new impetus was given | 
ty) the study of the complicated water: ‘supply problem of Metropolitan, and 
other parts of, New Jersey by the conference at Trenton, N. J., on December 22, 
1937, » of the League of Municipalities. ‘It is estimated | that. the “combined 


a capacity o of the existing supplies of Northeastern, New Jersey , assuming that 
cross-connection ; were made to. permit combined use of all sources, will become 


inadequate sometime in the p riod between nd 1947. A more gen- 
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eral of the of resulted from these recent 


‘these shafts i is well advanced and a contract sai been let for anenc cais- 
sons for the dam for the Rondout Reservoir. i Bids were received in November, re 
1937, for the remaining shafts and most of the 40-mile tunnel between W: est. eee 
Branch Reservoir and Hillview Reservoir which is the southerly end of the 
tunnel. _ The final awards on these contracts have not yet been made, owing 
to discussions relating to the high wage ‘Scale and consequent high 
Charleston, South ‘arolina.— tunnel 18.6 miles long and 7 ft in 
“was completed in such fast time that it cannot properly reported under 
“work in progress,” having been completed in about seven months. following 
August 1, 1936, under the direction of James E. Gibson, M. Am. Soc. C. E. ba 


tunnel was as designed to bring about 50 mgd of. water from the Edisto 
River, to Charleston, in order to secure the location in that city of a new mill 


to be built by & paper « ‘company. The tunnel was in marl and was s constructed - 


‘from | seventeen shafts and two o portals. The excavation was done in part by 
‘blasting, followed by compressed- air spades, and with carpe 
adzes. The total cost was about $1 000 000. Wik 


Filter Plant for Chicago, Illinois, Water Supply. —Many years: of. “experi- 


ic mentation in the filtering 0 of the: waters of ‘Lake Michigan 2 at the fine ce : 
~ mental plant, ‘constructed and operated ti to learn the best methods of filtering 


E this water, have at last borne fruit in the appropriation of $4 545 000 as the 
- initial appropriation on a $20 000 000 filtration plant for the South Side. 


Money was also appropriated for. additional deep- rock tunnels on the 


FLoops OTHER ACCIDENTS 10 W 


_ Ohio River Flood. —The Ohio River floods of "January, 1937, surpassed a all 2 


‘others recorded during: the 175-yr. occupancy of the V alley by white men, in 

‘the reach from Wheeling, Ww. Va., to Cairo, Tl. a In that reach 1 500 000 people 

in more than 100 communities were without water Lensiiacs for periods of from 

several days” to ‘several v weeks. al fi 

1884, and in March and April, 1913, these Reade: having a flow estimated 

Touisv ille, Ky., as about three-quarters. that of the 1937 flood and about 12 ft e 


lower i in stage. An old record describes a flood of 1773, , which may have e been 
ying 


“higher than the 1937 flood, but « oceurring in an unrestricted river failed to reach 
the height of the 1937 flood by about 4 ft. ud report by Captain 8S. J. . Horn, | 

; ee ot of Engineers, stated that the e 1937 flood co could have been higher, as snow — 
was: conspicuously absent when it occurred; the run-off at Louisville in the 1937 


flood was approximately 8 in. as compared with about 6 in. in the highest flood 
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‘This flood to Ohio cities, might well 
ee be shared by many cities on other rivers, that their relatively short background 


be _ of experience fails to record r maximum flood conditions and thata greater factor 


of safety should be in water-works design and construction. 


above 


the works. against interruptions of service than is is to s 


over the period when the plant would otherwise be down. In ‘most cities the zB, 
. ost of i insuring the continuity of supply during floods is not greater | ‘than the ¥) 
cost of storing water to provide for an interruption of even a day or two. 1 - 


Failure of Marshall Creek Dam, 3 in Kansas. —On September 20, 1937, a dam 
constructed by ‘the Works Progress Administration (WPA) to form Wyandotte — 
County Lake near Kansas City, Kans., failed when nearing completion. The 


- dam was 1 550 ft long; it } had a maximum planned height of 84 ft, and was com- - 


op, flattened to 1 on 3 at the bottom, most of the water side being lon 3. “The 
va 
middle and up-stream faces were constructed of i impervious material placed i in 
8-in. layers and rolled with sheepsfoot rollers. The down-stream part of the 


am ‘was constructed of loose rock and earth h rolled in 18-in. layers. The 
npervious parts were controlled as to moisture content and f compact- 


ness in the n modern manner how common for earth dams. — 
The failure included about 700 ft in length « of the central part of the dam 


and resulted 1 in a nearly vertical face along the center of the dam. 40 to 50 ft 
high, , down stream from which the material flowed in the manner which has: ; 
been noted i in connection with t the failure of some hydraulic- fill dams and in the 
- failure of the. Lafayette Dam, , of the East Bay Municipal District of California. 
aa A very rough surface resulted and the toe of the dam moved out about 60 ft. e 


ae a ‘Accounts state that an investigation by a board of engineers was to be made, 
_ The foundation under the dam re 


information. The Committee notes that means of controlling the 


of the artificial fill of earth dams appears to be more advanced than methods | 
testing the foundation 1 regarding its ability t to ‘support such . 2 ee 
Failure of Fruit-Growers Reservoir Dam near Austin, Colorado. —This dam, 
36 ft high and 910 fi ft long, storing about 33 000 acre-ft of water, f failed due to 
n, 0 on June 15, 1937. slip : a few years ago, also due to saturation, 
was corrected by installing a drainage system, and subsequent to that another 
‘slip occurred producing conditions so dangerous that the owners cut a ditch 
4 ft wide at a place where the structure was only 5 ft high, in order to lower the 
water; the flow of. the water quickly enlarged the channel so that the entire 


contents of the reservoir were discharged in 9 hr, 
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stimulated much study as to cause. yee 


INCREASE | in Water Demanps CavusED 


edi some years Past 1 it. has been apparent that estimates of future i increase — 


creased approximately 400%. ‘since 1933 and slightly than 


generous capacity of the water system, so that cooling towers are being re- 


ie On Long Island, New Rs ork, conan of wells have been sunk for air-condition 
ing purposes under requirements that the cooling devices be Of non- -corrodible 
metal, water- tight, , and the water be returned to the ground through other wells. | 
Heating of the ground has occurred i in some of these cases. The technique is wt x 
new and much is still to be learned as to these return installations. — Similar 
| ee have a arisen in the Plain States of the e country which | have no > summers. — 
4 OF THE Society ON Hrpravuc 
© projects under way: (1) ‘Traveling waves on steep _ 


of intersecting streams; a 


herd 
MISCELLANEOUS MATTERS OF _TuRISDICTION VER ‘Warter Sourczs 


. Who Should Control Stream Pollution?—The 1937 ‘regular session ¢ of Congress _ 
before it the Barkley-Lonergan Bill which proposed to endow Federal 
officials wit with the ne authority t to require the abatement of pollution through Court oe 
procedure. A great deal of. opposition ‘to this provision has been voiced, it 
_ being urged by many sanitary engineers and others active | in this field that the 
Federal officials should aid by investigating stream- pollution conditions 
advise as to action to be taken, , but that the actual pollution ec control should be gor 
left in the hands of the States and their political sub-divisions. ‘The Vinson 
Bill embodies this « | opinion. ' Persons of this opinion offer the method of State % ; 
‘Pacts as a means: of doing such work, where two or more States are involved. 
a Federal Authority to Control Drainage Basins.—The Norris Bill, which was 
also before the regular 1937 Congress, provided for the setting up of seven se i 
drainage basin « conservation authorities covering the entire United States. 
‘Under the terms of this bill, the approval of the authority would have tobe — 


e _dbtained before any project could be undertaken, that would have a a bearing on ~ 


2 — 
— 
r t Where water is reasonably cool and cheap a lavish use will result with the coolin ae ae a . 
— 
| Chic trict 1s cited as T the heav it 
1 Chicago Loop District 1s cited as an example of the heavy draft trom air con- 
ee ditioning which has overtaxed sewers and has threatened to overtax even the 
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id Westion of State rights and concentration of power in the hands of Federal 
- 


no final action was on it. The New England States 
united i in opposition to such Federal control i in | connection with two Pacts sub- 


mitted by them to Congress for flood control in the Merrimack and the Con- 


Pennsylvania Sets Up Charge Taking ‘Surface Water —T' The 1937 Penn- 
t - sylvania Legislature set t up the ‘machinery for the review of all the water ap- 


ee -_propriations that had been made within the State and made provision. that the 
‘ State Water Authority could i impose a charge of not more than $1 per 1 000 000 ve 


gal as one of the conditions under which future allocations of surface water 


within the State might be made. _ This is a new trend in the control of water 


Water - Investigation in Oregon. exhaustive study o of the water resources 


. ¢ _ State of Oregon i is ; being made by a a committee ¢ consisting of eleven men 
m Federal departments and bureaus: some consulting engineers and 


s estimated as ities $1 000 000, including abou 


flow, and ground ater conditions. 
TREN DS IN AND ‘Construction 0 OF Dams 


Methods of Exploration Core-drilled holes large enough to be entered by 


the engineer and the geologist i in a study of foundations, Ww ere used some years 
ago at the Pretty Boy Dam, of the Baltimore, water. supply. More 


recently they have been used effectiv ely at Norris Dam, Tyger and 


at the Dix River Geo- physical methods, in 


volving ‘simultaneous records of several of the seismographic 
a have been found useful for preliminary examination of tentative dam sites. | 
‘This method is used in explorations for oil and 


UU Use 2 of Models. —Scale models are being used increasingly to check paper 


designs sand computations of dams and channels. At recent case was that of the 
arker Dam, on the Colorado River, for the “Metropolitan W; ater District of 


Los Angeles and vicinity. Models 1 were used to determine the type of dam most 


suitable for the ‘operating | ec nditions, slope of crest, location of power plant, and 


a highly. technical problem bot in care in the pre- 
examination of available materials as a guide to choice of type of dam (that is, 


. whether rolled , hydraulic fi fill, or semi- hydraulic fill), in the drainage, and in the 


control of the mixture of available material, degree of “moisture, and degree 
of compaction. bas _As was noted under the ending “Failure of Marshall Creek 


” 


‘Dam, i in Kansas, ‘methods of testing the stability of earth foundations for dams: . 


Rock- Fill Dams- methods 0 of minimizing settlement of the. rock fills 
Dam No. i 


— 
— 
— 
—— foun 
— 
— | 
— 
180, 
— 
prot 
— are 
— Ini 
sele 
desi 
4 
— the 
— Wa years and its cost i $250 000 | 
para Be _for the installation of additional stations for observing precipitation, stream a 
— 4 rece 
— - 
ture 
— 
Da ; as_ and Conchas Dam_in New wit 
cur 
— 
pul 
— ) 
cor 
— it | 
— ar 
zp 
— to 
— 
LE: 


‘into the rock fil), was noted i in the 1936 report. 5 More careful the 
"stones in the rock fill in the’ part at and near the | up- -stream face to serve as. a 
foundation for the water-tight deck has often” been practiced. Recently, 
Algeria’ has furnished : an example of four rock-fill dams, respectively 76, 


“180, and 233 in 1 height, in which rock f fill was 


"are never r required, ‘this i is a method pile not to be dismissed, even i in in the oe 


Masonry Dams. arch: of constant angle type or 


and built. ‘The Committee again n notes thal the of these 
the gravity dam, still seems to have the ‘most uncertainty as to the forces evened 


nen 
“a on it and the design required to give a proper factor of safet Shah 
ra _ProGress IN MANUFACTURE OF PoRTLAND CEMENT 


Cement for Board of Water Supply, New York City —The has” 
received from Thaddeus Merriman, M. Am. Soc. C. E., Consulting 
a to the Board of. Water Supply, New Y ork City, information on what is hoped © 


by to the increased durability of ‘concrete and ‘mortar 
tures f for water s supply and other purposes. _ These improved methods are pre- 
eS scribed in the new specification of the Board of Water Supply of the City: of New 
. § York for the Delaware Aqueduct. The purpose of these specifications is bo 
‘secure Portland cement of such uniformity and quality: that all concrete 
with it will be at least equal to the best 50% which is now being obtained under ‘ 
‘current conditions of cement manufacture and concrete placing. © ‘To date, this 3 
pe, | B The n new specification prescribes tests and limits for r the Pistinhds cement 3 


tes. to be used on that project, which toward securing, in the completed 
“concrete, a binder which will be strong, , dense, , and resistant to the solvent 


“elects: of water and the salts it carries in ‘ealitlods . This binder consists of = 


the products formed the. cement as it combines with the mixing w ater and, when 


sit has the foregoing qualities, the concrete continues permanent and durable. 
‘ As] long ago as 1914, Mr. R. J. Colony* called this desirable binding material the 


“amorphous constituent.’ In thin sections under the Microscope and in 


: polarized light this constituent shows no structure and is dark in all positions 


s the stage is rotated. _ In concretes that show no signs of disintegration this 
onstituent is alw ays prominently developed ; on the other hand, in those tha 


are breaking down, the -amorp hous constituent. ‘is present in limited quantit 


dep research of the Board of Water Supply, pay in 1911, has been directed 
toward securing Portland cement ¢ of such quality that it will uniformly produce 


 &Maximum n of this desirable constituent. pee he foregoing specification requires 


Study by R. J. Colony, § chool f Mines Qua terly, Col 
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s as to setting time, 
ete. I Tn n addition, upper limits a sare placed on n the i iron, the alumina, the gypsum, 


More importantly, it is required that the cement shall be completely 
2 Dae? o ully manufactured. In order to insure this end the specification prescribes 

burning temperature and requires each kiln to be equipped w ith an auto- 


ie matic ¢ recording pyrometer. Still further, the “flue-dust” may not be returned 


_to the kilns whenever it carries excessive quantities of the alkalis. time 
eee as The ¢ clinker produced by the kilns is a hydraulic material and. sensitive to long : 
water. Existing standard specifications are silent as to. how carefully it shal] ff that 1 
ee ce be handled before being ground into cement. In order to prevent the clinker: matel 
deteriorating prior to grinding, it i is therefore, that only a ailt-la 
minimum of water may be used for cooling purposes while the clinker i is hotter . Si 

a ia ~ than dull red and that, after cooling, it shall be stored under cover and protected ; the d 

from the weather. Tt i is also required that the clinker shall be ground into for si 
cement within six weeks of its burning. Finally, it is specified that the. clinker niles 


vie Aces shall be ‘ground dry; that i is, no water may t be added in the final grinding process, 


ine 


The specification also prescribes. a test for the ‘causticity of the cement 


: solution for the purpose of minimizing the accident hazard known as “cement : by th 
the burn’ ’ to which workers in concrete ue subject. A further test limits acs It is 
a res 

nsure conditions favorable to a ‘maximum development of the due 
new test which discloses the completeness with which a cement has b been 
manufactured is also included. . This test is based on the fact that a water | not 
‘solution of sucrose e (cane has the capacity of large quantities pract 

the « 

4 is present will dissolve, together with such other lien. as is Teleased during the on si 
silt, 


ake "3 2-hr period of the test. A thoroughly burned cement g gives up very little lime | 


test gives promise of almost disclosing the ofa 
iti is easily made—six samples” can readily be reported on by one man _ | 


 4hr. Asa means of controlling plant operation, it is also of great value. desi 
oak | Under this specification | and up to this time about 200 000 bbl of cement 7 and 
_ All of it has been of uniform | a i 
gp in which the amorphous stan 
cracks 01 or crazing, efflorescence is almost entirely absent, and cement burns 
have been a reduced. _ During setting unduly ‘high temperatures are not de- 
if veloped, and there is no formation of laitance even in lifts as high as 20 ft. g pac! 
low-solpbility Portland cement. This is a highly technical ‘costing 
im ee about four times as much as ordinary cement; ; but cost of materials i is perhaps wit 
pre 


— 
— hibitin 
— 
— is insu 
= 
In 
throu 
theoo 
ave! 
= 
x 
that 

= 
in 
4 

2 


> 
— 


| 


an 1935, while water was temporarily being discharged from Lake ‘Mead eee 
through the tunnels at the bottom of the reservoir, turbid water was shown — a. : 
three times, although the water in the lake was apparently clear. At the 
time these turbid discharges. occurred, the reservoir was from 70 to 90 miles” 
lng and contained between 4000000 and 5000 000 acre-ft. It was found 
‘that the silt- laden layer ¢ occupied the original river channel and v was approxi-— 
‘mately 2 ft deep, w ith a a sharp. division line between the clear water and the 
Similar ex experiences had hoon at Elephant Butte Reservoir, where _ 
the data available indicated that from four to five days would be required — 
for silt-laden water to pass through that reservoir which was from 30 to 35 
niles in length, representing an average velocity of 0.5 ft ‘per sec. PHT HGS | i 
_ The silt-laden water has generally a higher specific gravity. than the water = a 
that is encountered in the reservoir. The specific gravity is affected also a 
| by the dissolved mineral content and to a lesser degree by the temperature. 24,5 
Itis evident that turbid heavy water may travel for 100 miles or more through 
a reservoir without mixing with the remainder of the water in the reservoir, > ar 
due to the differences in the specific gravity between the 
_ The experience at Lake Mead raised the question as to whether it wa. 
not advisable to provide discharge gates at low levels so that as much as 
practicable of the silt-laden waters “may be removed without 
the deposit of the silt in the bottom of the reservoir. As many reservoirs” 
| on silt-bearing rivers like Lake Mead have a useful life limited by filling with — 3s a 
DEVELOPMENTS IN (CENTRIFUGAL Pumps” 


. In all probability th the most outstanding. developments j in centrifugal pump | s 
design for the past year have been in the submersible deep-well turbine pump | zs 
& Submersible Deep-Well Pumps. —In the case of the ‘submersible pump, _ 
de deep-well turbine pump elements are directly connected to a ‘motor = 
designed to operate ‘submerged i in water. — Three American manufacturers are _ 
Offering such units. One company offers a pump of European design that | 
eneases the motor in a stainless steel shield with hydraulic, grease- 
packed ball- -bearings. Water i is permitted to enter the motor housing for i 


cooling Purposes. Due to the wide | gap between the armature and the field, 


same 
= di-electric oil, entrance of by means of a 
i A ‘third company vate a unit som 
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similar to the second i in design, ‘but us uses. rotating seal to prevent 
closing case. ey volatile oil is. 

_ di-electric which, under a slight heat, _ forms a gas at the motor armature gap. 

patented hydraulic balancing tube equalize” the ‘pressures in the motor 


In all three’ designs remarkably high horse-powers are attained in _ 
diameter frames, , due to excellent t cooling, as the units are immersed in water. 
_ Where large horse-power requirements are necessary motors can be assembled 


For deep setting and in crooked borings submersible units on 


advantages over the conventional shaft- line pumps. Their use for water 


supply is increasing and as a matter of interest it may | be mentioned that 


their use for pumping inflammable liquids i is increasing. 
Pumps.—During the past year the trend to higher boiler 

es has necessitated the designing of high-p -pressure| boiler-feed pumps, 

and oontzitugh units are being much used for this is service. - Boiler pressures 


uiring 1 800-Ib- discharge pressures: at the p pumps are not. uncommon, and 
during the ‘year (1937) to 2 400- “Ib have 


case, in which the element held in a forged steel barrel. 
olute case is under as the | full of 


‘Units have been built for ‘capacities up to 1 600 gpm. . For small capatitie 


These units are slightly different in construction, as they have but one 
box placed on the > suction side of of the pump. . Efficiencies of of more than 70% 
been attained with the smaller capacity units, whereas on the larger 


capacities more than 75% has been attained. -ifigieeial materials are selected § 


for reliability of operation and for maintaining high efficiency over long periods 


E CONSTRUCTION OF » Pree LINES 


has in Abe: -in. size for as great as 400 ft. There would 
appear to be no reason, with the perfection which joint: construction | has now 

- attained, why the \ use of this material should be limited as to heads any more 
than the steel upon which its strength depends. 
ae Welded Steel Pipe. —Processes of manufacturing welded steel pipe continue 
be. developed and improved. Ina comparatively few y years, welding has 
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— the full discharge pressure under tension. The rotating 
ae element is both statically and dynamically balanced before assembling in the 
_———) j§ + inner case. Impellers are single-suction, mounted back-to-back to balance 
—— ee hydraulic thrust. In this manner no heavy thrust bearing or balancing 
users 
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of cement- pipe for transmission and it 
Ke Cast-Iron Pipe. —Cast-iron pipes made centrifugally in sand moulds and 
in water-cooled metal ‘moulds, as well as pipes cast horizontally in green sand, 


all continue to increase in percentage used as compared with the older type of 


§ pipes cast vertically in pits. In sizes of 20 in. and less, the newer types have, é, 


. for a considerable time, nearly displaced pit- t-cast pipes. C Centrifugally cast 
a pipes are being made in increasingly large sizes and are now available at least” 
- | in sizes as great as 30 in. and 36 in., as illustrated by the use of a large quantity 


We of these sizes during the past vane at Miami Beach, Fla. This happened 1 to. 
hat be for sewer purposes, ‘but would have been | equally applicable to v water. mee 
Bolted gland joints with rubber gaskets are having an increased | use, 
‘ler particularly for suction and submarine lines. . Manufacturers o of cast-iron pipe 
ps, continually: developing improvements in these joints. One company 
a manufactures a. ball- and-socket joint with a rubber packer at the equator of 
nd the joint to g give Ww water-tightness, 1 which flexible joints w ith lead are likely to 
ae lack t unless the lead i is caulked by injection | of lead plugs as in the joint approved 
ed. by the New York Board of Water Supply. — It is reported that the use of this — ; 
rel. Section Committee A-21 (American Water Works Association) o1 on n specifi- -— 
. of I cations for cast-iron pipe and special castings, has in the hands of the Com- 
bon mittee for voting a new specification for ‘pit-cast pipe and a new schedule 0 
ing thicknesses ¢ computed by the method develop ed by the Committee through an an 
the extended series of tests which takes account of both water pressure and trench 
nee load. Similar specifications and thickness schedules for ‘the 1 newer 


users has" ‘continuously directed by many fine committee reports 


ties discussions to the greatly reduced capacity ‘generally found in. iron or steel 


on. usta 
non-corrosive. ig cement lining and spun- tar - enamel are 
0% alg this problem as far as new work is concerned, but inquiry indicates — 


TABLE 1 —PERCENTAGE OF Tora. CAST-IRON PIPE Ovrrur 
1s Linep wITH Cement Mortar 


Location 1927 1928 1929 1930 1931} 1932} 1933 1935 1936 


East of the Allegheny 


vuld New England.............. 


South. . 
South. . 


2 
4 
5 
6 | New Jersey................ 


that their use advances haltingly in in the United States as a whole. The r aaah. 
from ‘several large manufacturers of cast- iron pipe | are shown in Table L is 
. Con pany N ef estimates pan Sat 50 of it its ined. pipe is sold east of the All 
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Mountains and that 5% 0 of a iron are cement 


Wr! 


No. 2 ‘Teports little, if any, increase in cement-lined pipes at its Pennsylvania 
plant, but a itendy increase at its New England plant where the percentage 
is now about 50. Statistics are available only for the Southern | plant of 


- Company No. 3, Table 1. Its Ohio plant produces no cement-lined pipe. el 
‘The Committee As of the opinion that a study of flow coefficients would 


: - indicate justification for a greatly increased use of improved linings, as even 
at with the mildest of waters: coefficients of larger pipes are generally found to 


Ale be less than 100, and coefficients of smaller pipes from 50 to 75. ee: 
Ss _ Effect of t the ‘Treatment of Water on Flow Coefficients.— —Treatment of water 
" to produce optimum condition as regards freedom from red water and corrosion 
ue ‘is steadily being extended, but there i is a dearth of facts as to the effects, 
Red water troubles are generally successfully corrected, but flow coefficients 
“remain i in doubt. Reliable tests from several plants, which have come to the 
Committee’ S attention , indicate possibly some benefit to flow coefficients from 
‘treatment, but far from satisfactory results. 
Removal of dissolved oxygen and other gases by vacuum and 
- chemical treatment has proved to be very efficient in preserving almost undi- 


Commercial Methods Lining Pipes was in a a previow 


rt of the successful demonstration of a commercial method for placing a 


cement lining | on pipes 36 i in. in diameter and larger, the mortar being thrown 
on by "centrifugal force force and smoothed by revolving trowel | blades.’ The first 


we done with this equ equipment—that i is, the placing of a cement r mortar lining 


generally 3 | in. thick, in about 27 500 ft of 40-yr old, 48-in. riveted steel pipe 

—e Newark, N. J 3 transmission system from the Pequannock Water- Shed, 

aie been described.' ® This work increased the Williams-Hazen coefficient from 

— about 70 to 124, “which is | about: fifteen points higher than the coefficient of 
this lap-jointed, riveted pipe» pe when n new. Recently, | a new 48-in. steel main 
about 3.5 miles long, belonging to the City y< | Toledo, Ohio, was lined in place 


ith this eff 2ctive process. The lining was: in. thick. 


Another tired for lining cota cement mortar in place (namely, by 


that about 1 600 miles of pipe e 12 i in., or less, i in rem 
his includes work in Australia, New Zealand, England, ] India, South Afric, 
and the , Argentine Republic. Experimentally, a an 18- in. pipe has been lined, 
‘eit the company is prepared to line 20-in. pipe. _A representative has 


come to the United States for the of introducing the 


Proceedings, Am. Soc. C. E., December, Dp. 
® Water Works Engineering, 5, 19, 1936. 
Am. Soc. E., April, 1935, pp. 4-11 
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Exterior Pipe Lines. -The Committee reported at some length 

in the 1936 report on cathodic protection from corrosion by earth and on — ja 


tage surveys to determine the location of corrosive ground. To recite the details 
t of & of the continued study and progress on this matter would require a ‘separate | 
& report. Much of this work centers in the American Petroleum Institute, the - 


American Gas Association, and the National Bureau of Standards ‘group 
originally aided by these organizations. This is because long and costly oil % 
and gas pipe | lines are frequently prgesrgas in mi cack of ‘the country where corrosion — 
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sion § portant that cast-iron g gas 1 mains have seldom been protected pa cane’ 
ects, have been treated only a as an | incidental step in the d dipping process designed ate 
ents mainly for interior protection. the Pacific Coast there is a definite trend 

the f} toward protection of all important pipe lines from electrolytic action. As an ae. 


rom & indication of the mental attitude, one qualified speaker at a recent conference oe 
___ §f made the statement that all external pipe corrosion is electrolytic, being caused _ yan 


liary either by stray currents or by currents set up between the pipe and the soil. aa ce: 
In at least the three water-works organizations on the Coast - 

nent likelihood of corrosion is determined previous t to installation of important lines ses 
sippi by po point- to-point electrolytic surveys, first over the surface of the ground and, —_— 
after | the trench i is open, at various depths along the side of Protection 
reat- ‘of the p pipe is then designed on the basis of these findings. 


Pipe protection may take tl the form of cathodic protection in insuring a negative 
ious “potential i in the pipe with respect to the surrounding soil by the use of motor _ = 
nga ‘generator: sets, rectifiers, etc., taking power from the local power distributing Ue: % ‘ 
own | “system 01 or from special power plants. In other cases, insulating coatings are ; 
first considered sufficient. W here the trouble is due to stray currents, tie lines 
ate installed, draining the current back to the -power-house in harmless 
t manner. For certain oil or gas lines cathodic protection has been accomplished — = 
‘hed, by the use of buried pieces of zinc with suitable wire connections. = a 
| 4 Laboratories are maintained in several cities in California with ‘electrical: 
engineers in 1 charge, developing suitable methods and the territory. 


has by soil action within: a of less 
_ Improved Check- Valves.— Balanced. or non-slam check-v: alves, with improved © 
waterways cutting down loss of head very greatly and thus saving energy — 

costs, are being increasingly used. Valve manufacturers are very active in 
their development in this field and have utilized hydraulic — as an aid 


Water-Hammer in Pipe Lines.— -This subject i is ‘Teceiving increasing atten- 


tion, The “Second Symposium on Water Hammer, under the auspices of 
the American Society of Mechanical 1 Engineers and with the co-operation of 
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_ The conclusion has been reached that marine-laid-down deposits offer the a 

es worst conditions, with adobes and clays leading. A well-drained sandy soil ra ea = 
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ENGINEERING Report 
the Society, the American orks. As ssociation, and others presented 


Lines, W in. Water ‘Tests on 


ransite Pipe, Water Hammer Problems i in Pumping Plants, ete. 
= 
The p papers are in considerable part and a simple treatments 


‘Fines owing closures i in times which are too short with ‘the 
ns of time required for a wave of water-hammer to traverse the pipe line 


nea return to its source. A ‘member of the Committee finds that practically all 


ae ructed at the present time are protected by auto- 
is ie Bs matic valves, usually of the cone or plug type, so located, designed, and equipped 


(in some cases with relief as minimize surge and breaks. 


PROGRESS IN 


a water Pa 1905, and this law has been improved from time to time so that eda 


5 _ materials , and construction of wells are closely supervised to avoid waste of 
i water. Recently, a State force has been engaged in plugging abandoned wells 
in Pecos Valley, which were bleeding the artesian formation. 

The rich ground- water resources of Long Island have been the subject. of 
much detailed study by State, county, municipal, and private interests, and 
reliable information obtained and published on the serious over-drafts which 
have occurred in the western n part of the Island within the limits of New York 
Ci ty. Destruction of m many wells by intrusion of salt water has ‘resulted . The 
; hi h has jurisdiction over the construction of new | wells, has refused 
sion to sink additional wells in this overworked territory, except where the 
water is to be used in closed non-corrodible cooling systems and returned to the 
; New Jersey, some similar studies have been made, and some salt~ Ww ater 


discovered; the Attorney General of of the State has Tuled that the 


Ground-W. ater Replenishment.—In California of the highest 
 -value because its presence absence in in adequate quantities means success 
ie failure of the fruit and other agricultural interests, which make the wealth 
of the State, there has been a maximum study and practice in improving ground- 
water conditions . The Santa Clara Valley Conservation District has been 


described in this connection.” a This is the first season of operation of replenish- 


11 Proceedings, Am. Soc. C. E., April, 1937, p.700. $= 


Western Construction News, May, 1936; and Engineering News-Record, uly 1936. 
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> season about 39 000 acre-ft have been eden from the reservoirs, a : 
“quantity about. equal to the estimated normal pumping over-draft. Ground- 
water levels in the main central area at the ¢ end of September, , 1937, wre ce 


about 3 ft lower than the high level for the y year r which occurred i in April, 1937. -_ 


3 60 ft higher in 12%, comprising the percolation mounds 
or gravel « cones, and 14 ft higher in the lower 26%, comprising the area one 
“artesian. Reservoir releases will continue until the rains start, apparently 
“insuring a considerable permanent rise in the water plane. ‘The project is a 
notable example of utilization of flood waters formerly lost by rapid discharge ‘so 


ine 
“all into the ocean at ti times when the ‘ground | 
Procress IN TREATMENT OF WATE 

| Treatment Before Fil ration.—D 

dge silica naturally in been found to give aid to with 
aluminum and it also has been found the addition of ina 


om treatment, but it seems ssid that a number of filtration plants will ¥ 
it helpful « enough to justify the cost of the treatment. 
Titanium sulfate also has been found to give aid to ‘coagulation, and d there ae 

be places where this material can be used to advantage. 
#F Fluorides i in water continue to receive consideration, and have been foun ae 

many more water supplies | than has been previously supposed. The p pros- 
s pects are good that practical means of removal soon will be available. is The — ri 
‘ion of magnesium sulfate to water, which is later converted toa magnesium : 
"hydroxide precipitate, causes some removal of fluorides. Tri-calcium phosphate 
has been found effective in the’ removal of this substance. In Arizona, 

E bone filter has been found effective at a cost not altogether p: prohibitive. ~<a 
Removal of Tastes and Odors.- —No outstanding developments have been 
a made during the , year on the removal of tastes and d odors : from water. x Progress 
6 continues in the use of activated carbon for this pv purpose. ‘The m manufacturers 
q 


of activated carbon continue to improve the adsorptiveness | of their —— 


a Public supplies at a cost for carbon ull within the sum the weterweeks rte 

s A new method of combining the use of powdered cndie which is a a 
Paratively cheap material, and the more expensive granular | carbon appears 
Promising. . The dosage of powdered ¢ carbon is proportioned to remove 
_ tastes and odors, but the water is finally passed through granular carbon v which 2 om 
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eli iminates any residual tastes : and odors, but does not lose in in effectiveness i ‘in 
the absence of matters causing such tastes and odors. Bo Se: ere? Cth 
: a Some difference of ‘opinion | has developed as to the e best means ¢ of evaluating 
activated carbon and more study will have to be § given to carbon testing. aa) 
oe Basins and Settling Basins.—There were no developments of im- und 
portance in mixing and Settling basins 1 in 1937. Two-story settling basins hav 
~ been constructed in the new filtration plant at ‘Milw aukee, Wis., which is now 
‘nearing completion. Se There has been some extension of the use of mechanical 
flocculators. Mechanical mi mixing devices are being constructed in nearly all 
ak new filtration plants ¢ of any size, indicating their superiority over baffled basins. 
Cleaning Filters —Interest is being manifested i in keeping filter beds in good 
a _ condition. _ The volume of mud balls in filter beds is being measured carefully 
a in all the filtration plants i in one State by employees of the State Department 
\ a Health. <a Use of the surface wash as an — to keeping filter beds in good 


Anthracite Coal.—The use of as the filtering medium con- con 
-tinues to increase, filter beds: not wat 

ear 

mmercial fou: 

wel 

pip 

pra 

out 

ing copper sulfate to reservoirs by spreading or blowing it as as a over 

the surface of the water in the reservoir. fev a: ele 

a ew Basic I nquiry into Effectiveness of ‘Purification and Sterilization Proc- 
“ences. —During 1937 interest in the efficiency of water purification processes 


and the adequacy. of present ‘standards has received considerable stimulus. 

Di of the American Water Works Association has & 
- organized the Committee for the Study of Chlorine-Ammonia Treatment to E 
investigate the efficiency of chlorination procedures as used in -water- -works 


practice. ‘The role of water supply in obscure epidemics of gastro- -enteritis 
of a discussion at the meeting. of the Association at 
§ 


On: account of the lack of definite information on mn these outbreaks, the 


“Control. This Committee is also ordinate on 

oa ‘established methods of water purification and the adequacy o of existing labora- 

tory methods and purification standards. Very ‘recently a Sub-Committee 

of the: Committee of the American Public Health Association on Research 


_ borne gastro-enteritis and to co- operate with the Coordinating Committee of 


the American Water Works Association. 
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WATER ‘SUPPLY ENGINEERING 


work on this subject is going on in school and other laboratories, some of which __ oe 4 
_ were referred to in the aforementioned panel discussion. _ The work of Professor — : 


J. Beard, at Stanford | University, on the of the bacillus 


NEw AND IN WATER Suey 


Rubber for + Water-Tight J oints—In the | past, rubber, compressed into 
in ¢ concrete, has been used in a a few cases in place of bituminous or other in- _ 
elastic caulking material, to make | water-tight joints. A recent development +7 
which appears to be logical and deserves trial is the use of a latex rubber joint 4 ea 
filler which i is not compressed but remains adherent to the sides of the joint and 
Tanks. -— Welding of oil and gasoline tanks resting on the ground has 

common Practice for | some years, and this practice | was followed slowly, for 


foundations as was formerly water supply practice. Prior to’ this ‘year (1937) 
welding of elevated steel tanks was in general limited to supports and riser - 
pipes. a So rapid has been the development in welding that at the present time 
practically all tanks of a capacity in excess of 500 000 gal are welded through- _ 
This development has taken place within one year as far as elevated steel 
es The City of Sacramento, Calif., has recently completed two 3 000 000-gal _ 
edevated tanks of a novel type _ They are 144 ft in diameter, 26 ft deep, 2 
have their tops” 100 ft above ground. | The tanks have walls of welded ste el 


“plates, but the floors and su supporting structures of concrete. 
The roofs are of redwood. 


L _ Dry Ice for R Redeveloping Wells.— 


of the Sanitary Engineering Division on 
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MOMENTS IN FLAT SLABS. OF VARIOUS TYPES * 


COMMITTEE OF F THE STRUCTURAL DIVISION O} ON 
AND REINFORCED CONCRETE 


Ivrnopuction 


Reinforced Concrete,” adopted by the Institute (A. fem A 2 


_ in 1936, apply only to “ . * * a series of rectangular slabs of approximately uni- 


form size arranged i in three or more rows of panels i in each direction * aii gee sup- 


ported o: on columns having capitals | not smaller in diameter, ¢, than 0. 225 times a 
the span length, 1. This s report presents moment coefficients for flat slabs not 


covered by these conditions, and includes: (2) Panels arranged i in two a adjacent : as 43 


(c = 0. 225 1); (b) four adjacent corner panels (c = 0. 225 1); (c) slabs 
without dropped panels : arranged i in three or more rows (c = 0.151); ; (d) slabs aa 
without dropped panels arranged i in two ) adjacent rows (¢ = = 0. 151); and, Om 


rows separated by a narrow ‘ ‘eortider or span” (e=' = 0. 15 1). 
am: the | development of design “coefficients: extensive use has been made of a: 

data i in “Analysis of Homogeneous Elastic Plates,” by H. M. Westergaard, co: 

M. Am. Soe. C. E., which was Part II of the paper, ‘ “Moments 2 and Stresses in % . 
Slabs,” * by Professor and the late W. Slater, M. Am. Soc. C. E.2 
Based ¢ on the work of Mr. N. J. ‘Nielsen (who assumed point supports instead 7: | 
supports on column ¢ capitals, exterior panels simply y supported on rigid lintels 
and slabs without dropped panels), Professor W estergaard deduced moment ae, er 
“coefficients for support on column capitals. He presented coefficients for the 


"Principal design sections in square interior sine square exterior panels in two 
TOWS of v wall ‘Panels, exterior ‘panels i in four adjacent 


which : are compared 
“exemplified by the A. C. I. i for the special cases considered. saan 


__ ? Presented at the meeting of the Structural Division, ‘New _ N. Y., January 20, 1938. 


Am. Concrete Inst., 17, 


oTe.—Written comments are invited for immediate publication; to ensure publication the last 
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The report is confined to slabs with ‘the dail -way system a of re reinforcement 


with ‘marginal beams or bearing walls. 
(a) PANELS ARRANGED IN Two Apsacent Rows (c = 0. 225 


Professor Westergaard gives moment coefficients for “two adjacent rows 
panels with lintel beams,” the panels being square and the load distributed 


uniformly over all panels.? Coefficients from these data are included in 


“TABLE 1—Momenr COEFFICIENTS FOR DEsIGN Secrions PARALLEL TO 
MARGINAL BEAMs; Two ADJACENT Rows or SquaRB PANELS 


we 


Original datat .62 —+0.29 +0. +0. 55 
With dropped panels. . . .64 | —0. 10 | $0.28 +40. 28 +0. 56 


* See Fig. + Proceedings, Am. Concrete Inst., Vol. 17,1921. 


or the principal design sections, A, _D, B, and E, parallel to the marginal beam, 
nd i in Table 2 for the — design sections, G, L, H, and M, perpendicular — - 

_ The Sane of the design sections is shown in Fig. 1. 
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In Two Apsacent Rows or WALL Panens, Two-Way 


Conerete Inst., 1981, See the third of the five in Table 
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Description 


—0.51 | —0.11 4 


Original datat l 

Modified to Apply to Slabs: 

dropped panels 10 |- 0. 13 40. 21 | +0.10 40.0 

¥ ithout dropped pancis. 70.1 10 | —0.12 40.2 23 +010 


- established i in the A. C. I. Regulations and consists in . multiplying — No. 1, 7 


. Forill illustration, the coeffi- 


| 
TABLE Factors APPLIED TO WESTERGAARD’S MomENT 
‘THREE OR More Rows | or SquaRE PANELS a 7 
& Poesy 


Cc 
COEFFICIENTS; or Mc 


PositIvEe MoMENTS 


_Column me Middle Column 


Modified to Apply to Slate: 
With dropped panels 


Ww sthout dropped panels. . 


See Fig. 1. Proceedings, Am. Concrete Inst., Vol. 192 

cients for the negative moment in a column strip, when sl are en or more. 

Tows of panels, are 0.48 (Item No. 1, Table 3), 0.50 (A. C. I. . Regulations “ ‘with — 

dropped panel’ and 0.46 (A. C. ‘I. Regulations “without dropped panel”), 

Which gives the correction factors: = 1.04, and 

. the modified coefficients in Table 1 may be computed: - 6. 62 X 4 x 1.04 

or this case and for other similar subsequent c: cases, the following moments‘ 


are used for the design sections at a discontinuous dda ‘(see Fig. for position 
i d 4, Chapter 10. 


‘Taken in accordance with A. A. I. Regulati e 


= 0.96 by use 0 oe 


ent a Item No. 1, Tables 1 and 2, may be modified to apply to slabs with dropped . a Le 
_ & panels (Item No. 2) and without dropped panels (Item No. 3). The modifica- ae % 
sof TABLE 2.—Moment ror DE 
ted sl Two ADIACENT KOWS OF SQUARE PANELS 
Item 3 
im 
= — 
56 
— 
if 
- 
4014 — 
Ba 46 0.16 _ 0.22 0.16 
— 
— 
— 
— 
— 


in 1 which Mg, Mu, ete., are moments for Sections G, HH, etc. The moment coefii- 


ip 
cients, as briefly described, are summarized i in Table 4 for 
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Droprzp PANELS; ‘Wirnovr Drorrzp 


0.75 
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woo 


=0.10 
— 


oor 


—0.12 
4 
=—0.11 


=0.10 


10 


has been customary to apply coefficients for square 
panels also, provided the : ratio of long to short side of panel does not exceed 
. Ai 33; but it is often desirable to adjust the Rcoenes for the effect of ‘unequal 


values 


| 


To illustrate the use of Table 5: When there ai are three Jor: more panels, coeffi 


cients for the negative moments in a column. strip ar are given by Professor Wester- 


niet poole 0. 087, , which equals 0.480 for square panels but 0. 460 or 


g upon the relationship of the sei 


| 
— 20.19 Equatt -0.49 | —0.47 
i 
| 
g 
7 
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March, h, 1988 IN FLAT SLABS 
for sides in case being illustrated become: 9, 0.480 .96; and, 
1.05, from w which (in ae case of Section A, Table 4): — 0.64 X 0.96 © 


TABLE 5.—ADJUSTMENT Factors FOR RECTANGULAR PANELS APPLIED TO 

CoEFFICIENTS FOR SQUARE PANELS ARRANGED IN THREE 


Original datat —0.048 
_| Modified to Apply to Slabs: 
Short Short span _ 0. 


Long span span 
Long Long span _ 


= 


arallel to the discontinuous edge, Fi 4 


= 0.09 Wh (1 


cee 


inwhich, W is the total load ona panel, and L "_— c, and c, are defined in Fig. 1. ee 
Coefficients different from 0.09 be justifiable in certain types of flat. ‘slab 
and should possibly | be s somewhat greater than 0.09 for ribbed construction used i 
in flat- slab layouts. In end ‘panels, the moment coefficients 
parallel to the discontinuous edge. 
() Four Apsacent Corner te = 0.225) 
“Coefficients for “four adjacent corner r panels with lintel by 
Professor Westergaard, are listed as Item No. 1, Table 6. These values are — ete 
‘Modified, us using g factors in Table. 3, to obtain ‘<ocllidente’ for slabs w with, , and 
without, , dropped panels. — _ The moment coefficients in other design sections are coe 
determined as was done for. sections J, K, ¢, ‘and F in the case of panels ar = 


in two =| l), and the coefficients are tabulated for 


| 
fi. 
— 
— 
= 
+04  (x(( 
of | Shortspan =— 170s | 0.210 0.140 
56 
24 
— 
lar 
ilar 
eed 7 
al 
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effi- 
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= .00 in Table 7. (Note that sections ‘marked J . 


gorrespond to sections “marked D, _ E, and J, in Fig. 2.) fe 
rectangular panels. » OF 1.33 ) is made by use of the factors in 


ADJACENT Square Conver PANELS 7 


4 Coefficients for — 


Original datat —0.57 | -0.10} ... 
m1 With dropped panels —0.59 | —0.09 —0.15 | +0.26 | +0.18 | +0.07 


Without dropped panels. . 55 70.09 70.14 $0.28 +0.19 


27 0.17 


See Fig. 2. + Proceedings, Am. Concrete Inst., Vol. 17, 1921. > 


om 5. The design sections ,A to J , inclusive, it in Table 7 ene nina 3 in Fig. 
2, together with the definition of le, l,, c, and c, which are used for the = 


mination of Mo’ in accordance with h Equation (2). 


(OMENT (PERCENTAGES ¢ or 3 FOR Four 


SQUARE AND REcTANG CORNER PANELS (c at 0.225 1) 


Wr Droprep PANEL; Wrrnovur Droprep Pane; 


section 
(see Fig. 2) 


One-half 


(c) SLABS Wrrnour Drorrep PANELS ARRANGED IN THRES Rows 


Ousvent esign 1 regulation give total within design sections that 


_ These total moments (according to Professor § 
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as 
column strips into 


essor 


“moments across: edge of capital” and ‘ ‘moment ‘outside 


a is in Table 8 forc = 0.151 and also for 


Strip ~ ip Strip 


+= 0.225 225 I, case in the A. C. 


width in terms of Ts , computed from Item No. 1, , Table 8, are plotted in 


For illustrati tion viding the total moment across th column 


TABLE 8.—Moments PER ‘Unit W IDTH IN SECTIONS INDICATED; 


Mippie Srrip 


hoes ‘Ratio ofS | 0.225 


Original data* . 0.096 0.166 
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As illustrated in Fig. 3(a), unit width increase at the column 
its crease = 1.23 


“solid aug representing. 
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oments 


A> 


0.25 


(a) THEORETICAL DISTRIBUTION, FOR 7 =0.15 AND 0.225 


PA.C.1. 


(b) DISTRIBUTION OF MOMENTS IN INTERIOR PANELS, “ACCORDING TO 
A.C.l. REGULATIONS AND AS PROPOSED FOR =0.15 IN. 


val 


umn strip ‘is three each having a 
3 0. 167 
Th he are computed 


46 My see 

0. 19) Mo : = 0.27 Mp in the two outer column 

“stripe. oF The positive moments ; are? + x 0.22 My = = 0.073 Mo, say, 0.08 Mo, in 

the center ¢ column strip (for pret ae 0.22 Mo, se see Item No. 3, Table 3), and 

fi (0. 22 — | 0. 08) Mo = 0.14 Mp in the two outer column mn strips. Since the e middle 
as strip need not be divided, both negative and positive ‘moments remain equal to 
0.16 Mo (for the value, 0.16 Mo, see Item No. 3, Table 3). 


Moment coefficients adjusted for a change in ~ are listed = 1.001 
slab to be without dropped Adjustments ! for 


— rath 
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the 
of the dis (withou l, the 
 Twoo }. I. Regulations (v = 0.151, the 
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— slues proposed | 
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ratios 8 of p 


the for 1 00 the ‘established i in Table 5 The positions of 

design se sections, A to Q, in Table 9 are : 

TABLE 9 Moment COEFFICIENTS TABLE 10. 

FOR Square AND RECTANGULAR FOR Tare Cowsismxe 


= ARRANGED IN THREE Moms RATED BY A Narrow ‘ 


Design Ratio or — 


Center 


Outer 


Middle 


Marginal 


Int this r pene as well as in | Professor Ww. estergaard’ s studies, column capitals i 


have been considered circular. _ W hen they are made square, or} rectangular cae 


(as is desirable in many designs), ' there i is reason to make an adjustment i in the 


ratio of = “ given as 0.15 in the tables for circular capitals. It is is j proposed to 


ubstitute for a round capital with an area, X an equivalent square cap 
tal with an area, § the e s being considered identical when | 


| 


_ Outer column 


|] 


POOH 


089 x 0.151 = 0. 
‘For illustration, a flat sla by with panels 15 ft. square without dropped 
panels may be for the ¢ coefficient: ts in Tabl 
0133 x 15 = 2 ft. With columns 24 in. square, n is required. With 


panels 21 ft square, s ; ins are 18 in. square, the a : 


1.23 
— 
— 
line — 
the — 
“the 
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ong 
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+0.07 | +0.07 | +0.08 | 
05 | +0.06 | +0.06 Marginal 4 +0.08 
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ED “PANELS: ARRANGED IN Rows 


{oments in flat with two rows of panels, a1 and with = 0.151, be 


etermined by assuming the same relative distribution of moment between 
_ center and outside column strips | as was established 1 in connection with “Slabs — 
ithout Dropped Panels, in in Three or More Rows.” “Forillustration, 


ow 


ar Moments Apply to Similar Sections = 


Simil 


4—Posrrons or Dnston Szcrions, A TO 
with a total negative moment of 0.59 Mo in the (see 
Table 4), tl moment becomes 1.23 X X 167 l= 0.24 Mo in the 
pa d 0. 59 — 0. 24) Mo sith 0. 35. Moin the two outer column 


‘These and other coefficients based on values from n Table 4are re listed for. 


© Wirnovr Droprep PaneLs ARRANGED IN THREE Rows ConststiNe 


pan being square whereas the middle row, the span,” has rec: 

tangula panels | with a width, ’. If— = 1.00 , the flat slab in Fig. 5 has three 

hich coefficients are given n for square panels i in the center 


: These coefficients are repea ted un der a ratio o of 
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give 
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age 


‘wo. adjacent rows of panels. 


4 
values of ~ between zero and unity (that i is, for a corridor span with varying 7 
width) coefficients may be established by interpolation between the values — 
_ given for the limiting cases. If the intermediate span in width i is v = 0.50 x . 


a 


| 


1 
2 2 


in Table 10 be 00 
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- would qu question the soundness and force of Mr. Fay’s arguments for the future a 
Gee of public works, it i is quite obvious that very great practical difficulties ae = 


will be encountered in - putting them into effect. There are clearly two 1 indie 


On the one hand, there is the necessity for foresight. in planning public 
works—a 1 need for engineers to encourage comprehensive planning rather than af 
a hand- to- ‘mouth practice i in public construction if ‘such works are to be better 
adapted to future public needs and requirements. this re: respect they must 
Tecognize that many existing public works agencies: are not set up tou undertake — eo 5 
such comprehensive Planning effectively, and it is doubtful whether ‘the 


fundamental changes i in organization, tenure of office, etc., necessary to permit = 


or to encourage the development of f al long-range policy, can be effected. 


Apparently, the practical approach to the problem i is not through reforms =. we 
- existing public works agencies, but through setting up separate planning boards _ 


“or commissions, which will be independent of changes in ‘political 1 party and © 


give particular attention to the longer range viewpoint. This movement 


is ‘growing rapidly. City and regional planning boards are increasing in 


nu umber . It was reported in 1935, for example, that there | were forty-five 

: tate planning a agencies, and many municipalities have city planning boards. se 
The attack on this problem, therefore, has been _ through» this more or less 

indirect plan—far from ideal, perhaps, and ‘still, in many cases , lacking in 
implementation to make the movement fully the 
= promising and practical line of attack yet developed. = | 13 3 


 _ Norz.—This Symposium was presented at the meeting of the Engineering- Economics 
‘ and Finance Division, Boston, Mass., October 7, 1937, and published in February, 1938, a 
e Preceedings. This discussion is printed in Proceedings in order that the views expressed — 
| be brought before all members for further discussion of the Symposium. te olumbia. 
‘re: Renwick Prof. of Civ. Eng., and Director, 
a Received by the Secretary December 24, 
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On the other hand, the further proposal to use public works as a means 


pendent, of course, on the aforementioned future planning movement but, i in 
addition, unless the United States abandons its democratic form of government, 
; ublie ¢ opinion ‘must, as it always has, continue to play an important p part in 
the initiation of actual construction. — ‘There may | be little difficulty i in | speeding 
up public construction in periods: of depression as has been done in recent years, 
but the idea that the Government can retard public spending when prosperity | 


‘is at its crest sounds well in theory but in 


the really pressing, and, therefore, ‘most important, will 


me a Turning to the papers by Messrs. Mead and Riggs, many readers would 
accept their statements of fact as to the false business economy, or, too fre- 
quently, total lack of such considerations, in the construction of the works 

described. Many engineers would also ‘condemn in an equally forceful way 

ey the apparently deliberate suppression of the engineers’ Teports on these projects 
and the later attempt to place the onus for the initiation of these economically 
useless and 1 imposingly wasteful expenditures on the engineer. _ Many engineers 
y would also : agree with Mr. r. Mead that the TVA “yardstick” sitet is a political 
- humbug, and a‘child of wishful thinking and bad bookkeeping—that, in in fact, the 
entire recent Federal viewpoint on the power problem is unreasonable, econom- 
ically destructive, and eminently unjust. At the same time, many engineers 
would not agree with the conclusion implied, at least, in these papers, to the 
effect that the Government should have nothing to do with any project in- 
volving power production and should build r no works that are not fully justified 


seems quite obvious, for example, that ‘the Fe Federal Government, is 
already: involved in “many projects in which the development of power is 
incidental (is a “contributory benefit, the Supreme ‘Court puts it) to 
a _ works which are clearly within the constitutional scope and recognized function 
- of modern government. | The time is long since past v when Government can 
: limit its activities to the simple functions which constituted its entire scope of 
duties in Colonial days. The time has - passed when the American people 
ill turn over to private interests the remaining public property | of the nation 

or exploitation and development. by ‘such interests and private ‘gain. 

t seems | obvious that this nation has embarked, for better or for worse, on a 
olicy involving the of its remaining public prop- 
rties and resources in wi what ‘iti is hoped will be a wider public interest. 

ath ee would appear to the writer, therefore, to be futile and impracticable 
and thus hopelessly reactionary and completely -unconstructive, to damn the 
— entirely and argue for a return of the “good old days pu It is all very 

4 argue that one should not compromi with ‘thieves and murderers, 


is apparent ly on this ground that the e 
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the power utilities and the power utilities refuse to compromise 
with the New Deal. & To face the facts, however, one must admit that there 
are | two interests both legitimately in involved in the power field and, as i in the ah 
ease of capital and labor, these two interests, private and | public, “must get a 

together, must reach some fair and just basis for co-operation, rather than 
: continue a wasteful and unnecessary battle at the expense of the public. po 

- The present Federal viewpoint, if persisted in, will lead to economic suicide. — 


¥ The present public utility attitude often seems planned to alienate rather 
than woo public support. . The engineer is generally considered to be a man — A 
of common sense, and he certainly cannot support the extremists on either 
) side. on While a admitting much which both sides say, he will insist that a com Pe “tg 
promise is the only practical s solution the problem. 
| Much can be said, of course, ‘on both sides of “this question, and it will 
7 probably b be necessary, in 0 order to find a sane solution of the problem, to ‘ignore 
r rather than to attempt to reconcile some of the extremists if a compromise is 
1 g be effected. . It It is unquestionably true, for exanrple » that : a radical modifi- 
cation of the recent viewpoint of the Federal Administration is the first neces- — 
3 [— sary move toward peace and co-operation. With the Federal ae 
y going ahead with power developments | fields which private companies 
A - already serve, with public funds being used to construct municipal plants — 
which put existing plants out of business, it is small wonder that the private 
s fe utilities ‘are ur up in arms and that billions in utility ¢ constructions are held u ~ a 
1 “This policy is destructive of economic values; it ; results in t the waste of ‘public — . = 
funds, depletes the national i income, and retards. recovery. Nov engineer ‘whose 
- i. is based | on engineering principles rather than on blind bias and aoe 


_ On the other hand, few thoughtful engineers would attempt to defend the 


marking up of capitalisation and other abuses in some of the power utilities — 
which characterized the pre-depression years. These companies are granted 
4 practical monopoly of an essential service and enjoy a relatively constant 
and steadily growing market. Tt seems clear that the lowest possible rates 
consistent with adequate service should be the goal of their operations. © ae 
low interest rate on a fair valuation is all that should be | expected. . Vet i Mist ; 
the haleyon days before e the depression t the “merchants of debt”’ argued t that a 
capitalization | should be marked up to the top figure which income could 
Justify « and, through holding companies and similar means, proceeded to burden 
some utilities with unnecessary and unjustified capital e expense. _ The engineer oe 
Must condemn with equal warmth this narrow, unsocial, and, in the long run, Sia ‘ee 
“economically f fatal and unconstructive policy. Clearly, if the public utilities | 

take no steps to put their houses in ‘order, and persist in fighting regulation — thy 
by fair means or foul, the patience of the American people will ultimately be 
exhausted and the power business, like the water supply business, be 
taken over by Government. Ib the long run, business must be conducted © ae 


was as to advance the economic welfare of the nation and serve the public 
interest, if it is to survive. 


3 


The writer knows that Messrs. “Mead and Riggs would condemn such 


Millity practices and policy, but they apparently feel “public utility — 


é 
| 

can 
Sag 
| 
— 
nee — 


attitude” 


Although the ‘admit the force. of this ‘when ‘advanced 
by these experienced a and careful analysts, it seems clear t that the suggestions 
scl ‘made in their p papers, while directed toward the correction of an in existing evil, 
: cannot form the basis for a constructive and progressive general power policy. 
Co -operation seems essential. After all, it should be the purpose of both Gov- 
—- and business to advance and strengthen the national economic struc- 
his structure that our social and national development must 

rest. Clearly, the basic policy of both Government and business | must be 
based on this principle : and must reflect not a narrow, short- sighted d opportunism 
but , a reasonable and forward- looking: view vpoint. Engineers are so accustomed 
to planning not for to- -day but for to-morrow, of attempting to predict a and to 
plan for future needs, , that they assume that this is a common human trait. 
They evaluate a policy nof solely on its immediate advantages but attempt also 
picture future is not a common human 


co- on economic basis are essential to 

_ the future usefulness and ‘sane development of the power business, the writer 

a is confident that engineers are capable of developing, with fairness and im- 
partiality, the necessary details for such a working agreement ‘aul ee « it 
‘Finally, those engineers who would adopt as a principle the idea that 
Government should not undertake to build any works except those which can 


' — shown to be economically justified on a business basis, have apparently 
forgotten or or ignored a basic principle of democratic Government, — There are 
public works” which cannot be thus justified and, furthermore, the 
‘decision as 1s to whether they : should or should not be built is not a ,a simple n matter 
fx: engineering opinion. It is a question of public opinion. . In short, what 
a or shall not be done (within the wide limits of constitutional and other 


nd place _ The result may be the use use of public funds for works which are 


If the individual ¢ engineer is oppose to all public which cannot be 
te as a 2 personal view, but it is an an itaponsible: principle for the ‘profession as 

a whole to bring forward. There are certain basic ——— however, on 

Wy Any work, for example, which does not offer edeotwnities for adequate 

ae ‘financial return to the public treasury through direct service charges, through 

aggessment for benefits, or through the creation of additional values which 
can be taxed, must be classed from the pure economic ‘standpoint, as a luxury. 


ae Presumably, ‘such works can joe siuaieiits only w when the e surplus of p ublic funds 


ve a refiects the viewpoint of but a small part of the industry, whereas oo 
i aa St policies which have been advanced and encouraged by the New a d 
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- _ Now, the engineer is an expert i in the investment of funds, public « or private, 


engineering enterprise. It is his duty not only to design such works to 

| meet the service desired v with the utmost § skill and economy, but also to advise iz 
his client, public or private, as to the probable cost and returns from the a 
investment. The Engineering Profession, therefore, is quite within its ts scope 7 

of duty if it insists that the public shall be advised as to the engineering gvalues 

q any proposed investment of public funds in a public work of an engineering pi 

nature. _ As far as the writer can see, the engineer’s duties as a professional — 

man go no further than this. a fact, if he reads these papers correctly, one 

rests on the > suppression | of adverse e engineering reports or or the assumption that ¥ 
engineering values can be appraised adequately by a layman. The writes, 


therefore, feels that a great majority of engineers ; would support the en 8 
(1) That any proposed investment of funds. in any enterprise of an 
engineering: nature ‘should intersted th by (a) engineers, not 


wit 


values, as as possible ‘to ‘quantitative terms and stating 


be 


the limits of precision and ce of the conclusions; 


4 


of the chief objections w which the authors offer to recent t Government practice cate hee * 
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An 


DIAMETER OF STEEL | — 
FRESEN, Assoc. M. A Soc. 
: FRESEN, 46 Assoc. M. Am. Soc. C. E. (by letter). 40__The d discussions 
whi hav . been p sented, contain much valuable information and con- 
Economic Diameter Using "Weisbach Formula for Friction Loss. -Mr. 
fonroe | and Poeleintrs Powell and Barrows prefer to use the Weisbach (also 
sometimes called Darcy or Chezy) formula for head lost in friction in con- 
the paper was prepared, friction factors in 


be expressed similarly to (5) 
18.71 K’ 


gue: Barrows), the annual cost of the ma power in a a 


of Equation (71) with respect ck... .. 


which M, ave values” given by Equations (23b), (230), and 


_ Norge.—The paper by the late Charles Voetgeh, M. Am. Soc. C. E., and M. H. Frese, 
Assoc. M. Am. Soc. C. E., was published in November, 1936, Proceedings. — ‘Discussion 02 
the paper has appeared in Proceedings, as follows: March, 1937, by Messrs. R. A. Monroe, 
William EB. Rudolph, and Peter Bier; April, 1937, by Adolpho Santos, Jr., Assoc. M. Am. 
Soe. “ E.; May, 1937, by Messrs. Joseph D. Lewin, F. Knapp, and Ralph W. Powell ; June, 
87, y H. K. Barrows, M. Am. Soca@c. E.; and September, 1937, by Robert W. Angus, B 


Associate Engr., U. Bureau of Reclamation, De nv er, 


app 
dias 
dial 
£= 
. 
— 
wit 
and 
— 
= 
| 
No 
— 
5 
— 
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ainda, or in terms of the fundamental factors involved, the | econom 


fb (03.54 K’ L; + 74.83 Kn 


aotation paper is u used. 


= 6) can be solved D by a method. 
"Considering the s shell thickness, ¢, th the following equation is derived apie 


approximately. Equation (76) “corresponds to Equation (33) of the paper 


with the same notation, and is similar to one given | by paper pga a 
For greater accuracy, ‘Equation (31) (with ‘substituted for G, 


and 4 y= 6) can be solved for D by a trial-and-error method. 


TABLE 6.—Fricrion Factor, R’, UsE IN WEISBACH 


=| Continuous|| ;,. ‘Full- Continuous 


"0.0392 “9.0340 $ 3000 X10? | 0.0169 
0.0314 0.0256 10.000 X 103 0.0154 | 0.0108 
100 x 10: | 0.0285 0.0225 50000 X 10° | 0.0130 | 0.0086 
500 X 108 0.0228 | 0. 170 9 100000 x 10° 0.0122 0.0082 > 
X 108 0.0207 0.0149 


= Based on a study reported i in 1936,‘° selected: average friction factors (as. ae ee 
read from a chart) for use in the Weisbach formula, Equation | (68), are given oe . 
in Table 6, Columns (3) and ert to the recommended equations: ee 


ass ge 
for full- riveted | pipe; and, 


“Wa ater Power by H. K. Barrows, 1934 Edition, p. 357. 
we Friction Coefficients of Continuous Interior and Riveted Steel Pipes,” by . 
Karelitz and F. M. Watkins, T'echnical Memorandum No, Ss. Bureau of 
Denver, Colo., May 14, 1980, 
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2 
. 
— 
— 
of 
1) 
——! 
(3) 
nd 
— 


= 


number, 


ine inet vist of the ne For water at 15° C (59°F), 


Economic Diameter —The ‘Romogram, Fig. 

presented by Mr. for ‘solving Equations (47), (48), or (49) for the 
‘nomic diameter, D, directly, constitutes a valuable addition to the paper. 

os use Fig. 2, the maximum discharge, Q, and the head, H, for shell thickness, 

must be known. Since it is probable that for different projects the load factor, 

‘the shape of the load curve, and the corresponding value of the loss factor, 
oe will vary more widely than the other factors in Equations (11) or (27), the 
= writer prefers to use Equation (48), Fig. 2, which includes the loss factor. The 
for ‘Equation (48), Fig. is such t that the ‘diameter read from it is s that 

\5 Bee ‘tn unity load factor and unity loss factor. ps For a smaller load factor and loss" 
factor, the diameter may be read from Fig. 2 (scale for Equation (48), and 
ar i corrected” by the ratios given in Table 1, Columps (1) and (2). Similarly, 
ae ee Fig. 2 and Table 1 (preferably plotted in logarithmic « curve form) may be used 
: ae to estimate the diameters for assumptions other than those on which Equation 

ae (48) is based. iit should be noted that Fig. 2 cannot be used to deter 

diameter, D, when the head and allowable stress, give a smaller penstock 
thickness than the | minimum thickness by the specifications 
_ For or such cases, Equation (33) should be used. 


—For 


shell thickness, to H from Equation (6) is used. _ At 

W: thought this 1 may “appear to be inconsistent and incorrect. ‘Fig. 6 has been 

oo * : prepared to show that such results are correct, and will be obtained whether the 

ites i economic diameters are found from diameter-total annual cost curves similar 

Fig. 6, or from solving Equations (27) and (33). 
Fig. 6 is based on the following assumptions: = 1000 cu ft per sec; 
= 0.34; = 0.85; f = 0.20 (corresponding approximately to a load factor, 
= me of about 50%) ; b = $0. 003 per kw-hr; 8 = 15000 lb per sq in; = 0.80; 
eee oar % = $0. 11 per lb; r = 0.07; and i =0. a6; In this example, the following 
ee ake results are obtained: (a) From Fig. 6, Curve E, for a head, H, of 100 ft, the: 

% economic diameter i is found to be 10.36 ft; @) from Seantion (6), the thickness 

= = 0. 225 in.; (c) from Fig. 6, 


economic diameter i is found to 


= 10.36 ft for a head of 100 which agrees with Item. (a); (0) 
similarly, solving Equation (33), D = 11.66 ft for a shell thickness of 0. 225 in., 


0. 889 (or, 


“4 ae the economic diameter of penstock in n terms | of | head i is about 11% % len 
n the « economic ‘diameter obtained when the corresponding, shell thickness? is 
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used); and (g) the result of Item (f) may also be verified Peaen ™ a 


study of f Equations (6), (27), and (33), and reference to Table 1. 


For corresponding assumptions the results obtained, , using 


are identical with those determined from a detailed analysis. . For all fordinary — 

problems the writer believes an appreciable saving of time will result from using — 

the equations of the paper, compared to a detailed analysi for, 

he iscellaneous.—Mr. Lewin states that the analysis of the paper i is “limited 

to uniform (that is, horizontal) penstocks. ” He ‘He also questions ‘ ‘whether the — 


Ba Dg = 11.66 Ft for t= 0.225 In. 


Xe. Penstock Steel for t= 0.225 In. 


(Drammen OF STEEL PENstock 0 or 


down stream from the dam 
can be found by the analyses suggested in the paper.” ay The writer assumes 
that Mr. Lewin \ refers to Equations | (11) and (27) fe for computing Di in = 
of the head, for a penstock line of constant diameter er. Neither of Mr. Lewin’s 8 
‘statements applies as long as the following conditions are fulfilled: (a) The cost 
of the penstock f per er pound i is constant irrespective « of the variation of the diam- 
eters; (b) the top section of the penstock does not require a minimum thick- 


ness, imposed either for practical reasons or in virtue of danger of collapse; 


— 
) 
— 
2, 
r 
() 
1D., 
= 
38 is 
— 
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a 


and (c) the average used in the equations is a true numerical 


aks function of of the weight of the steel (and, therefore, of the cost) for the penstock, 
profile, and _water- hammer conditions under consideration. Conditions (a) 


and (b) are limitations explained by Mr. Knapp. 


Equations (51a) to (61), inclusive, given by Mr. interesting, 
3 Be: 2 but the writer doubts whether the average engineer would have the patience 
attempt to apply them. The writer believes it would be more practicable 
use Equation (33), applying the method “Suggested in im- 
Messrs. Santos and Knapp, and Professor Angus s discuss water as 
or: ee. affecting penstock design. In addition to the Footnote References (30, 44) 
given by them, several recent papers!» on water hammer may be of interest 
to those who wish to pursue this phase of the problem 
Messrs. ‘Santos and Knapp very properly point out that too much 
® a a ment of analytical methods i is not warranted, and that a all: such 1 computations: 
Sag & should be used, combined with sound iadaneash., to arrive at the best solution. 
Ee he number of significant figures 1 in the numerical constants of the e equations 


ae the > paper § should be reduced to four at the most, probably three being all 


Rudolph mentions an the formulas | of the 
* oh paper t to a problem involving the present value of a saving in the f future. ~ This 
om is a phase of the problem in economics which should receive adequate attention. 


a a As mentioned by Messrs. Bier and Lewin, and by Professor Powell it should 
am a emphasized that Equations pe a (27) apply to high heads where the 


Ss of the shell is independent of the head, and for small penstoks, 


ee Mr. Lewin and Professor Powell comment on the wide rar range in values of 


i loss factor from Fig. 1 for particular values of load factor. om ‘Since | no one cal 


ae for: a projected plant, ‘it is probable that values of loss f factor estimated from 


Fig. 1 are as reliable as ; those computed by the n more accurate method given nin 


a the paper, and similar methods mentioned by Mr. Lewin and Professor P Powell. ; 


eS In conclusion, the writer wishes to thank those who have contributed dis 


cussions, and hence have added considerably to the value of the paper. The 


Bisa writer | appreciates in particular the tribute to Mr. Voetsch** expressed by 


— _ Professor Powell, and shares in his sorrow that the senior author cannot partici- 


a in this closing discussion, and enrich it from the wide experience he 


ae beni Papers relating to water-hammer phenomena in pipe lines, by Lorenzo Allievi, R. W. 


ry Angus, F. Knapp, R. T. Knapp, J. N. Le Conte, O. Schnyder, E. B. Strowger, and F. 
Wood, Transactions, Am. Soc. M. E., November, 1937, Vol. 59, No. 
_ Water-Hammer Pressures in Compound and Branched Pipes,” by R. Ww. Angus 
Proceedings, Am. Soc. C. E., January, 1938, pp. 133-169. 
Penstocke—A Report of the Hydraulic Power Committee,” Edison Electric Inst. 
ae _ Publication No. D15, December, 1936. This recent report gives much valuable data 
* design and construction of penstocks. Minimum steel plates is discuss 
M. Am. Soe. C. E., co- author of this paper, on February 7, 
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Mr. Bier gave | an example comparing the economic diameters of a welded- a 


"steel discharge p pipe for a pumping plant obtained by means of Equation (11), 
with that obtained by means of a detailed analysis. _ His data tended to prove © 


that the respective diameters for the two methods were 4.59 ft and 5.75 ft. ' a. 


As shown in Fig. 6, the: two methods give the same results, if the same basic © 


le ga check by» the writer with Mr. Bier shows that a loss | factor, f = 0.42, iN 
»- §B was used in the detailed analysis, whereas i in ‘solving Equation (11) a value of a 


=0.13 was used. The error arose from the fact that Curve EZ, instead 
as of Curve A, Fig. i ® was used d to estimate the loss factor for a load curve of 
4) ‘rectangular shape and of constant doad, with load factor, F =0. 42 
‘The ‘corrected of the for a head, of 0 ft from 1 Equation 


for which the plate thickness from Equation (6) i is, pr 


in. 


ld ‘The diameter of 5.44 ft is the correct s size for rn given head, H = 150 ft, u unit = 


stress, 8s, = 13 500, and joint efficiency, e; = = 0.90. 
Mr. ‘Bier assumed a plate thickness, ¢ = 0.25 in. for the detailed analysis. 
“a Using ¢ = 0.25 in. and f = 0.42, in addition to the vabaee ; given by Mr. Bier, ae 


and substituting i in Equation (33), Di is found to equal 5 5. 758 ft. Mr. Bier’s re- re ons . 
bi sult of 5.75 ft from the detailed analysis verifies the accuracy of Equation | (33). Bas k ie 
As he states, with D = 5. 75 ft, ¢ = 0.25 in., and H = 150 ft, the unit a % 


of 


ae s = 9970 lb per sq in. _ This shows that the allowable stress 5, 8, of 13 500 Se: 


= has not been reached when tis 3s selected ¢ arbitrarily at 0.25 in. as the minimum * 
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PRACTICAL USE OF HORIZONTAL 
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Ronen SHELDON, Assoc Am. Soc. C. E. 


‘though he was” ; pleased with the several interesting and instructive | aa 
sions that were presented, writer would _ have been ‘more Pleased if 


e opinions of, > engineers interested in small local surveys had been 


Several of have. stated that the system of ‘survey compu: 
: tations as presented can be criticized for its lack of f accuracy. ‘The system 
‘¢, Bs is a combination of geodetic and plane computations and is used in such 
he a manner that the accuracy of the reported position | of any ‘point is only 


limited by the accuracy of the survey methods, or by the accuracy of the 
basic control system. This is accomplished by the following steps: 


_ GQ) Geodetic positions are _ obtained for scattered. points covering the 
area. is the base control. system, comparable to the control 
primary and secondary, of the U. S. Coast and Geodetic Survey. a a. 


Surveys run between these > scattered points usually ‘computed b br 


plane ‘methods. The | computed positions are reported as geodetic positions, 
the residuals: beyond | any ‘minute line being carried in feet. This plane 


calculation gives positions which are 1 not the same as that would be 
obtained by a geodetic: computation the same traverse. This dis 


A repancy was called an error in the paper. Table 3(a) and gives | the 


“maximum possible "discrepancy. Table 4 that this maximum is 


(8) In cases where the points of th the base system are § o far “apart thet 


‘Table 3 (the rigid which is modified by 
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1937, Proceedings. Discussion on this paper has appeared in Proceedings, as fe wou 
ee a lows: September, 1937, by Messrs. Philip Kissam, Ralph Z. Kirkpatrick, E. B. Roberts Bic: 
. Le Rien ‘Sa H.W. Hemple, J. C. Carpenter, and George D. Whitmore; November, 1937, by R. M. Wi Toug 
i 4 ac M. Am. Soc. C. E.; and January, 1938, by Julius L. Speert, Jun. Am. Soe. C. E. ES ae 
Asst. Engr., Section of Surveys, The Panama Canal, Balboa, Canal Zone. 
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‘points are e put and ‘geodetic computations are to 
obtain their positions. is seldom necessary, locally, place» any of 


Mr states ‘that Tab on (b) is misleading because tra 
verses do not usually extend na straight line, but consist of a number — 
of broken courses. The discrepancy between "determined by 
detic computations and those found by plane computations, as well as 
convergence of meridians, is caused by the fact that t straight lines 
the surface of the earth by transit or other means are curved lines” 
‘teferred to the sphere as whole. e. With the standard assumption that the 


7 ‘meridians of longitude : all « converge at the pole and the parallels of latitude ES 


~ 


are all parallel to the equator, the effect of this curvature of straight lines 
varies with ‘their direction, being nothing for lines running due north or 
4 “due south and a a maximum f for lines running due east or due west. “The 
* degree of this | curvature also varies with the latitude, being nothing at the 
equator and a maximum at the pole. This latter variation would be small 
Al. over the extent of latitude by the type of surveys under 
if To present a clear picture of the relation between convergence of 
een meridians, azimuth discrepancies, geodetic computations, and plane com- 
putations, it can be stated that a geodetic computation is the plane com: 
putation of a line that has been corrected for convergence of ‘meridians 
tem [ein sections of equal length, those sections being of infinitesimal length. 
uch Fr rom the foregoing and from an examination of the formula for com- 
aly putation of geodetic positions given in Special Publication No. 8 of ¥ 
the Coast, Geodetic Survey,’ it is apparent the « discrepancies be- 
tween plane and geodetic ‘computations as well as the effect c of 
of meridians are almost: entirely dependent on n the difference in longitede 
of the ends of the line ‘concerned. It is impossible to find any ; group of | 
lines, running in any directio n, that will have a difference in Tonsitude 
greater than that of a line of equal length running due west. 
Table 3(a) an and gives ‘the maximum difference between ‘Positions 
= determined by plane computation and Positions c found by geodetic com- 
putation, at the various distances from the point: of origin. Table 3(b) 
would be entirely too ) rigid to use as a criterion for spacing points of ra 
dis Primary or secondary system on the Fortieth Parallel « of latitude. The 
the | writer prepared Table 4 to show that this maximum difference was" greatly 
reduced in by balancing the angular ¢ due to convergence 


‘corrections, Table 4, shows ‘Get for a straight] -line of 100 000 ft, 
m maximum error, from Table 3(b), would be 1: 500, unbalanced 
- error of closure would be 1: 41 100, and the position error of the worst point 
- would be 1: 2300. Thus, the _ proportional errors shown by Table 4 were 
roughly one-half those of Table’ 8 for unbalanced traverses and one-fourth al 
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8 for, balanced Hemple has | submitted Table 


5 showing the of calculations of traverses. T he write 


prepared dT able to show th the errers that t would have been expected in in 
these: traverses if Tables 3 and. 4 had been used as a guide. It would ap- 


tl that Table 4 was a conservative estimate of the worst condition ever 


\ wits 


in feet_ (Table 3(0)) (Table 4(b)) a ‘ab le 5) 


2. © ‘It is unfortunate that Mr. ‘Hemple « did ‘ei: extend Table 5 one place 
farther and show the diserepaney between the final positions as computed 


the geodetic ‘methods and as determined by the writer’s method. 
Ee: final ‘Position is ) the ultimate object of any survey. _ The writer feels certain 
that the discrepancy of this final position, in all three cases, would be less 
than the specified accuracy of the survey. 
In the three examples given, even if the plane method of. ‘calculation 
_ suggested by the writer were satisfactory, he would not advocate its use on 


traverses of the type shown; that is, on traverses of sufficient importance: 


The measurement: of horizontal angles over these with 


(2) Chaining with the accuracy and» care neces sary to secure 1: 10000 

(8) ‘Observing and computing the corrections 


The -Teduetion of the to sea level. ‘The percentage of 
total cost of the survey of computing either all or several sections of 


ther 


i It : is to be clearly understood ‘that the methods presented in the paper 


used as an extension of an existing system of 


‘Both Mr. ‘Roberts and Mr. Hemple g gave the fact 


¢4 ‘not permitted in the proposed system one of ‘This 


same qualities of loose that prohibited. on 


is | based on any general control ‘system. On any survey “unimportant 


_ enough te to be based on one tie to the base net, or to the supplementary net, 
“the error taken from. Table 3 without any correction for 
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ee of 10 000 ft from its origin must be at least 20 000 ft lo 
would be in error at its extremity less than 2 ft—an penaanag 1 ts 


10 000 ft of line and ‘an error ‘of position of 1:5 000. 


in 

ap- Mr. Roberts criticizes the linear adjustment of azimuth discrepancies 
ver and position closure errors “in traverses between geodetic control points. 


There would be many ways of correcting these azimuth discrepancies and 
geodetic « corrections. The one chosen by the writer was the least accurate — 


but used because it was far. simpler than any other. It ‘requires n no 
extra effort, the geodetic corrections azimuth corrections being com- 


™ bined with the accidental errors for adjustment. Since these discrepancies 
and azimuth corrections are kept well below the specified accuracy of the 


a survey the exact balancing: of these small corrections is not important. 
Traverses that are tied to any base net must originate at one of the 


poate on this net and terminate at, or tie to, another unless they are the 
objectionable loops previously mentioned. In order to. do this they 
have a general direction, which is that of the line between the stations, al- 
though there may be courses in the traverse that will run exactly opposite — 
& this general direction. In this manner all traverses between points on 
base system take on generally the characteristics of a straight line between 
the p points. Any ‘adjustment that corrects the closing « error has a tendency 
to bring the positions of the several points nearer the geodetic positions. 4 a 
The fact that, eases where the individual ‘course, runs” “opposite, to the 
general direction of the traverse, the correction is: applied in the 
sign frc from the true correction is ‘not as damaging as it would seem, because 
the corrections applied to ‘the p predominant number of courses in the trav-— 
erse are applied in the right direction and tend to correct the discrepancies 


the method of transit traverse and co computation ae a 
given in n the paper is not new and has been used by many organizations — ee 


for years. rs. The U. ‘S. “Geological Survey uses astronomical observations for 5 


azimuth to keep: _ the effect convergence of meridians at a minimum 


“whereas, i in the Canal Zone system, more frequent ties to the base system 


Professor Kissam asks the question, 
quire reduction from geographic positions to plane | co- -ordinates, omputation 
by plane -ordinates, an and, finally, redu ction back to geographic. 
with accompanying loss of accurac The s | as 
ying loss yt” ystem can bes t bee explained es — 


a a plane co- -ordinate system in which the spaces between successive - minute a 3 
lines 8 of of latitude and longitude are made the planes. The ‘small - pete areas: 7 oat 
that a are enclosed by the m minute lines are thus made to join at the li 


there is ‘no distortion of when to an- 
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HELDON ON GEODETIO CONTROL Discussion 


‘Points used that residual beyond minute being 


of ‘the discussers have advocated State- wide plane -ordinate 


systems that have been devised by the Coast and Survey. 4 Thes 
. Ba: ‘systems have met with | much success in the ye ears since the writer began | 
¢ 
preparing the paper under discussion. Their use is now advocated by many 
Bees important organizations. They are, as Mr. ‘Hemple ‘points | out, the law i in 
= at least two States, all of which is part of the reason why the writer feels 
he some hesitancy in presenting the criticism of these State- -wide plane co & 
Baws systems t that. should have been made years ago. code greater part of 
_ this hesitancy is due to the fact that where they have been adopted and 
are. in use, they will give surveyors and engineers a method of tying their - 
surveys, that will be entirely satisfactory for most uses. 
‘There ar are some . points to these plane co- -ordinate § ‘systems, however, that 
should be given full ill consideration before they are adopted i in any State and 
required by law for land boundary description. 
‘The use of the  State- ‘wide plane co- ordinate systems, or any other sys- 
“tem 1 that does not: use the parallels of latitude | or the meridians of longitude | 
a key, requires the introduction of the ef and Y-designation, which is, 


an n added factor that engineers, surveyors, but more especially laymen, “must 


_ ‘The State- wide , systems still have the same objectional feature that is 
in any plane co- -ordinate system, in n which the planes at are continued 


for any distance ; that ‘is, a grid azimuth must be cused. This is certain 

to cause ‘considerable confusion especially in counties that already have grid 
azimuths for their own local plane system that will be different from the | 
: a State- -wide grid. i For many | years to come, it will be necessary in those 
places, to mark « every azimuth with some identification to show whether it 
nape on the old grid, the new grid, or true azimuth. — The ‘Engineering Pro- 
which is to understand ‘that there is a true and 
stant north, is to. be now taught, that north is not north, but something 
at right angles” to the grid system. Although it is “a re relatively ¢ easy 
“ie problem to identify the system on which any point may be recorded, as the 


figures" will usually be much different, the "identification of an unmarked 


a ag One of the advantages 0 of any control system i is that any point on a large 


project is identified and compared to any other point in the system by its 
ordinate positions. In intrastate work the Plane ‘system of co- -ordinates 
covering ‘that State does this ve very” well. The tendency now is to forget 
boundaries, however, to base projects and surveys or on natura 
features. “Mr. Whitmore mentions 1s that the > TVA covers parts” seven 
"States. Seven different State systems of co- -ordinates are and then 


im = geodetic system is used to correlate them all. Ifa a system as advocated 


“would have placed 1 ‘the entire project on the one system. 
The projections of the State- -wide plane co-ordinate ‘systems have beet 
arranged « so that curved surface of the earth covering entire hs 
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been squeezed in at the centers and spread ( out at the edges to form a p 
The ) degree of distortion caused by tl this squeezing has been kept below the — 
ratio. o of 1: 10 000. > Tor all "surveying work for which it is desired to have _ 


: The basic criticism of the writer to the State-wide systems of plane co- 


an accuracy finer than this, certain corrections must: be made. This fact 


will tend to place a restriction on the more accurate surveys. Surveys eS 


on an unrestricted basis would be run to finer accuracies than 1:10000 will 
be run on this standard because of the inclination on the part of engineers 


not to use any more corrections than necessary. In this manner, 
in more accurate surveying will b be retarded. 
& The use of State-wide plane « co-ordinate ‘systems has been mentioned by 
both | Professor 1 Kissam and Mr. Whitmore as a possible approach to pol 
eventual universal ‘use of geodetic c control. _ The writer believes that eee 
than being a stepping stone, the use of the State-wide plane co-ordinate sy 

tems will act as a wall stopping any future approach to that universal use. 
Plane ‘surveyors ° will be content to follow the systems that are given ek 
and will become, if possible, a lower ranking aaanem of the profession than 
they are at ‘present; and the knowledge and practice of geodesy will be ny 


confined to the he employees of the U. S. Coast and Geodetic Survey, oy 


ye 


anes. 


- ordinates, ¢ or any other system of co- -ordinates except geodetic, is that they are | 
“unnecessary. When the control system of the U. S. Coast and Geodetic 
Survey is completed, giving points of which the geodetic co- -ordinates are 
known, at intervals: of not more than 25 miles, it will be ‘mecessary for 
‘organization, ¢ either local, State, or national, to place a number of ‘supple- 
mentary points between these basic control points, for the use of local 
surveyors and engineers, . In Pennsylvania, this spacing of supplementary _ 
control has been placed at a maximum of 5 miles. 14 These supplementary — 


points will have to be established regardless of computations 


without prohibitive expense ‘they will be close enough so that the maximum = : 
error introduced in any line run between them (computed by a plane com- 
putation as described in the paper and ‘shown in Table 3(b)) will be ae ae 
than the specified error of the surveys desired. For example, in -Pennsyl- 
vania, with the maximum spacing of memdery ented: at 5 ‘miles, the | 
‘maximum error for the worst cas case would | be the 1 unbalanced, or loop, traverse rng 
run for 2. 5 miles from the point of origin and returned. From Table 
this would give a maximum error of 1: 3500, approximately, which 
bs the | worst possible and would sel seldom be encountered. 
would be run so that the errors caused by ne neglect of geodetic corrections would ee 
Professor Kissam has revealed the | fact that the cost of sur- 
on a truly geodetic basis wo 


Standard System of Plane Coordinates for the Pennsylva 
rrisburg, Pa. 
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SHELDON ON HORIZON GEODETIC CO: CONTROL 

be very ittle. The first order control will have 
seodetic computations in case. The “spacing ‘of the secondary control 
ae will be governed by practical reasons sO ‘that it will be used. The cost of 
_ neenles and computing the third o order, or traverses for use, will be the 
ie same in any case, for the writer's system, for plane co- -ordinates, or for un. 
Mr. Carpenter has revealed ‘the fact that ‘the main control net of ‘the 


* 8. Coast and Geodetic Survey i is not nearing ‘completion, but is, in fact, 


this time to find ways and means of completing this important work ‘and 
_ the enormous amount of ‘supplementary control that will be necessary before 

= it can be properly used 0 on any system, , than it is to find ways to use it after 
it is completed. 

pected to ‘spend very much money on any type of ‘control ‘other loca 
A small part of the money wasted on inaccurately controlled | and duplie ated 
surveys would have completed this: control system many years ago. 
ay Laws have been passed in two States: legalizing the use of State- wide 
systems 0 of plane co- -ordinates for land boundary descriptions. These _Taws 
were passed after considerable effort on the part of those interested, and 


will undoubtedly be legal for a long time. These laws. would have been of 


more Permanent val value if ‘they had been ‘drawn a more general ‘manner, 

so that the primary requirement had been a survey based on . geodetic con- 

trol, leaving the method of making the connection | ee geodetic 


control the survey to ‘the engineers and i 
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EARTHQUAKE RESISTANCE OF ELEVATED 


= 


ARTHUR . RUGE, Assoc. M. Am 


RTHUE Rugs, 20 2. Am. ‘Soo. CO. E. letter). 200__Attention 
been Aye Captain Heck to the need for further analysis of strong: 
earthquake motions, and he has stated the attitude of the ‘U. S. Coast and = 
Geodetic Survey toward the pr oblem of earthauake- resistant design. Those 
who are studying © the problem recognize the wisdom of the Survey in con- Ra 
fining its efforts to collecting data needed for design rather than engagi ng 
in the study of design itself, since it thus performs a needful service 7 
could not be done adequately | by any existing private institution. F urther- 
more, the desire to avoid attempting to prove particular theories gives to 
the work an impersonal character which adds tremendously to ‘its value. — 


B The writer hopes to. extend the ‘analysis of earthquake records in co- 


operation with the Coast and Geodetic Survey along the lines discussed by 
Captain Heck, and preliminary work in that direction has been in progress Et 
for some time. it may be stated herein that the “present type of strong 


motion _ accelerometers has been ‘shown to give re reliable results and that 


convenient means of analysis by integration has been, developed. 


Mr. Stone ‘notes that the damped s spring- -element concept can be extended 
profitably to many other structures. fact, the > patent covering the device 
does enumerate ‘such uses, ona ‘there is “every” ‘reason believe 
could be applied satisfactorily in ‘many instances where important struc- 
tures must be protected against earthquake motions , although the details — 
of the application would be varied considerably to. suit: individual 
The statement Me. Stone to to the effect that the period of vibration 
depends upon the initial stresses in ‘the members per haps needs to be quali- peat 


“fied somewhat. . It is is true that for very” small amplitudes the period is 


_ Nore.—The paper Sian C. Ruge, Assoc. M. Am. Soc. C. E., was published in 
May, 1937, Proceedings. Discussion on this paper has appeared in Proceedings, as fol- 
lows : October, 1937, by Messrs. N. H. Heck, Mason A. Stone, and H. C. Boardman; and 
December, 1937, by Franklin P. Ulrich, M. Am. Soe. C. E., and Dean 8. Carder, Esq 


Asst. Prof. of Eng. Seismology, Mass. Inst. Tech., 
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ON ELEVATED WATER TANKS Discussions 


considerably affected by initial stresses in the rods. soon” 
amplitude reaches values of some importance (say, more than 0.25 in. .) the 

initial tension has very little effect period—in fact, any earth- 

4 quake of destructive character will necessarily induce amplitudes” large 
i enough to make the dynamical effect of initial tension negligible. a 2 
er. The comment is ‘made by Mr. Stone that the type of tower selected for 
experiment is a poor from the endpoint of earthquake resistance, 

and a broader tower base | is suggested. The tower referred to is of a com- 
mo mon type and r ‘represents: what considered “good practice for sprinkler 
tanks of moderate size and height. Although a wider base ‘might be desir- 
able for optimum efficiency, one cannot, in. general, make ‘the base spread 
very great unless the efficient use of the plant property is of no importance. 

Of course, the geometrical shape ne of the panels does not directly enter into 

the dynamical conditions s stated in Conclusion (8), and the ie designer will 


‘normally choose the n most economical layout. 


As to the absence of a statement « of the period and amplitude to te 
expected in earthquake motions, the omission was intentional. The writer 


feels that, unless prefaced by an elaborate discussion, any statement of that 
kind is almost certain to to be misinterpreted the very Teaders it was 


° 


: Tea iis Boardman has suggested several interesting designs for tank towers. 


ae Such designs are probably best ‘suited to large | capacity tanks and, as such,’ 
ce figs have ‘a very special interest, since for these types the ordinary spring ele- 
design would be or impracticable. ‘The arrangement 
‘shown in | Fig. 28 would be well | suited for the introduction of damping 
devices in the diagonals, and a careful design of the ‘columns might | permit 
large in the columns might be ‘stiff to 


maximum of elastic tower “deflection and if the economy is 


not thereby destroyed, the dynamic design is simplified. Rods steeper 
slope mea mean heavier columns and longer rods to handle; ; but there may be 


a gain in | economy in some cases. ' _ However, the writer wishes to emphasize 
that. some e damping would be re ‘required i in ‘any event unless the structure cal 


oa. safely withstand extremely large deflections, and 1 that there is no cheaper 


way improving the dy namical behavior than by the of 
amping. The “presence the springs ina design merely 


is 


necessary damping and makes it convenient: to produce the damping action. 
* e designs s shown” in Figs. 29 and 30 would doubtless need damping 
systems that could take the form of simple friction devices actuated by a 


diagonal system, ‘the spring action being provided by the 
i tower such as that in Fig. 27 would have to be d design ed as a soe aed = 


y ystem and no data exist for obtaining the stresses. 

"Messrs ‘Ulrich and Carder contributed a helpful discuss on 

e by t the U. S. Coast and Geodetic Survey were 
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“helpful. in i : It may 


that the ‘model “periods agreed with the prototype periods as. - 
as could be expected, and that the differences can logically 

largely to the degree of initial rod tension in the field. 

The ‘question of torsional vibration is ‘properly raised, but the 


of the opinion that even in conventional towers it would be only tor is a 
ondary effect, since it would have to be set up principally by whatever lack 


of symmetry exists in the structure. 4 
proper spring z elements any torsional vibration would be ry tamed 4 
out since the elements come Into action from torsion as well as from linear 
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MEASUREMENT OF DEBRIS- LADEN STREAM 


FLO WITH CRITICAL- DEPTH | FLUMES 


Discussion 


BY EDWIN S. 


S. FULLER," Esa. “(by one engaged i in collecting 
"¢ oar date on streams in which the regimen v: varies with almost, every change in : 
rate of flow, should be grateful that an organization of the character of the 7 
California Forest . and ‘Range Experiment Station should have concerned itself 
with: the task of attempting to o develop a § stable r rating x device for r use on such 
een _ Those who h have had much field experience in attempting to stabilize 
‘the conditions of flow in flood channels can appreciate the difficulties under 


which the authors of this paper have been, and are, laboring. 


When the rating flume studies were inaugurated in 1935 at the San Dimas | 


. _ Experimental Forest, the writer was privileged to witness some of the earlier 
tests. His first impression “upon ‘seeing the Various types” of rating 


“stream from San Dimas Dam » Was that these structures s would form excellent 
! controlling ‘sections for gages located a short distance up > stream from = 
entrance to the rating flume , and that there might be a splendid chance to 


“compare the ratin; gs of ‘gages so located 1 with those. within the rating. al 


Since r readings on ‘staff gages in the approach channels up stream from 


was felt when it was found that data covering water 
surface heights in the approach channels were not included. However, the 
determinations of water. ‘surface elevations in the approach channels 
later furnished to the writer and will be used in this discussion. - “a 
eta Be can n be demonstrated that for a a . stable controlling section a rectangular 


shape, the rating | curve for a gate situated a short distance up stream from 


eae ae paper by Messrs. H. G. Wilm, John S. Cotton, and H. C. Storey, = 
published in September, 1937, Proceedings. Discussion on this paper has appeared in 


Proceedings, as follows: February, 1938, by Messrs. R. L. Parshall, and Martin A. Mason. 


Hydr. Engr., Los County Flood Control Dist., Tes Angeles, 
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PULLER on pépris- -LADEN STREAM FLOW 


in which u is an exponent equal to Ss 5; Q is the discharge, in cubic feet per 
second; b is the breadth of the ‘control’ section, in feet; H is 
height of the water surface, in feet, above the lip of the controlling section; 
and K is a constant depending only on longitudinal channel conditions. § noe € 


a rating curve, of course, can be defined from a single determination, at any 


ba Applying the water surface elevations i in the approach channel to the dis- Toa a 
charges listed in Table 2, ‘rating curves. for the 1-ft, 2-ft, and 3-ft ‘rectangular, — Be 4 
San Dimas type, rating flumes, were e constructed on rectangular co- -ording tes. ne 
The relation between the ordinates and the subtangents for these cu 
shows that in each case the points can be fitted by curves of the form of Equa-— 
tion (11), if K = 2.80 and u = 1 1.5, the deviation in all cases being well within © 
the range of observational errors of the | gage readings, which were made | on 
gages marked on the w alls of the approach channel, without any provision for 
stilling. This constant: value” of the coefficient ond of the exponent offers 
much ‘more promise of accurate extrapolation for the application to larger 


foe flumes than Equations (7), in Ww hich both the coefficients | and the ex- : 


Sitios (11) ismaien for a gage 3 ft down stream from the transition may aa 


che 


The extrapolation of these formulas up to widths of 50 ft or ‘more, such as 
‘may readily be required, may easily introduce serious errors. 
One of the causes for this observed variation in coefficient and exponent, 

of course, is that the stilling-well connections in the three sizes tested were _ 
at relatively different distances down stream from the flume entrance » this 
' - distance being 3 ft in each of the flumes tested. ‘Had the stilling-well con- 


‘ nection been made 3 ft below the entrance on the 1-ft flume, 6 ft on the 2- ft 


| - fume and 9 ft on the 3-ft flume, making each flume ‘a model < of the others, it 
is possible that the curve formulas is might have shown t better agreement for ‘the Be. 
In the three small rectangular flumes originally tested at the San Dimas 
Experimental Forest, the approach channel had a flat grade and was three 
: times as wide as the rating flume itself. In all the runs reported by the 
~ authors the: flow was at depths greater than critical in the approach channel 
and at depths less than critical in the lower end of the rating flume e, passing 


through critical depth | at ‘some between the transition and th 


enough, flow st leas th than critical depth would eventually be 


the “control” section will have the form, = | 
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FULLER ON DEBRIS-I LADEN STREAM FLOW Discussions 


at some distance below the transition section, this distance depending on the 

<a _ rate of flow. For very low flows | in the 1-ft flume, normal flow would be 
s eta in in the rating flume at, or up stream from, the stilling-well con- 
Bex nection. In such a case the ordinary formulas for uniform flow would apply, 

es ee 5 If the rating curve for a rectangular flume of uniform cross-section and slope 
the formula, it w will be to | be by 


K, b ; 


depend only on the grade. and roughness of of the channel, Ww normal 


It seems, therefore | the rating curve for a 3 ft down 
stream from the lower end of the entrance transition section cannot be expressed J 

. Bes asa ‘simple parabolic function for the entire range » of gage heights. It follows 
that: the method of least | squares, involving» the assumption of expressions 
=: a having constant exponents, cannot safely be. used in computing the rating 
aaa curve for a gage located in that part of a stream where the flow is accelerating, 
Ss a 2 ‘ This point was illustrated recently i in rating a 10-ft flume of the San Dimas 

a es typ pe in actual u use, , when it was found that the discharges, 1 when plotted a against 
. a. a gage heights 1 in the rating flume on | logarithmic ; paper, could be fitted bys & 
; iy curved line. The: extension of this curved line to higher stages than covered 


by | the: discharge measurements showed a v wide departure from the straight 


line derived by the method Teast “squares” to the discharg 

a The statement is made by the eutnaen that the new w design j is “tunatfecte 
by by velocity “of approach,” (Conclusion (4)) referring to the San Dimas - type 
Of “rating flume. This statement must be incorrect, since the velocity af fy 
approach has a marked effect on the entrance losses and on the rate of accelers- by 
tion in the rating flume at the stilling-well connection. If the approach flu 
= ‘were zero, t the velocity at the stilling- -well. connection. n would be in 


the zone of acceleration from zero velocity to normal velocity for a fom int 


of approach, such as would result from the width of the approsch en 
Bie i channel, would cause greater velocities at the stilling-well connection for 3 str 
ae given rate of flow. This would mean smaller depths and larger discharge J an 


coefficients f for the rating flume. That this i is true | has been demonstrated bs Wi 
in which the width of. channel has | 


approach a marked effect on the rating of the se 


i a Dimas type of rating flume, it follows that changes in the grade of the m 
approach channel may cause changes i in the flume Tating. _ The experiments 8 fi 
San Dimas Experimental Forest were made with an ‘approach channel a 


a flat grade. Under these conditions the flow i in the approach channel 
Wass at depths greater than critical during all the runs reported. In the ord st 
nary flood channels in which some form of flume or rating. 
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March, ‘ON D&BRIS-LADEN STREA 


the control is required if reasonably stable ratings are e desired, the pou slope 
be IE which has been established by the | stream itself is commonly as great as 6% 


or 8%, the grade depending on some relation between the size of the stream 
and the nature of the débris being transported by the stream. - Insucha flood 
lope channel the velocities, even at low stages, are usually st eesemmnanch and the © 
by depth of flow 1 may be considerably less than critical. 


a bitid if such a | a flood channel a be obstructed by a rating flume of the San 


approach would probably occur at some point 
t to above the rating flume entrance, at all except low stages. Under these con- : 
und & ditions, for clear-water flow, the rating of the flume might be expected - to | 
mal approximate that determined by the experiments reported by the authors, if 12 
the stilling-w ell connection: is situated at a distance, down ‘stream from the 


ssed to the width sa the experimental flume» whose rating curve is used. ont 


ions the | rating. should expected to change radically after the cousteustion 
ting of such : an obstruction a as this rating flume would constitute. In such a 

ing. H case any débris- picked up up by the stream in its upper reaches by the natural _ 
—_ ‘processes would | be transported by the stream to the point | of formation of the 
inst hydraulic jump. At this point a typical débris dune would be deposited, Bes. 
y 8 which would travel up stream or down stream in the manner typical of traveling 


ight - became less than the transporting capacity of the stream, the dune would move 


_ down stream to the entrance of the rating flume, and would establish itself a 
a - there with a down-stream face having the normal slope, depending on the — 


cted relation between the rate of flow, and the nature of the débris. 


bype The e establishment of such a débris dune at the entrance to the - rating x 
ya @ flume would tend to cause a , change in entrance velocity similar to that cause es 
lera- by n narrowing the approach channel, and a corresponding i increase in rating- 


em ate the experiments at the San Dimas Experimental Forest, débris was aa 
ume introduced by men with wheel-barrows, and at no time while the experiments _ a x 
city were being observed by the writer did the dune fully establish itself at the 
pach entrance to the rating flume. . Under the conditions of those experiments a 
or 8 small quantity of débris ‘was eut away from the edges of the dune by t the stream 
arge and carried through the flume, e, which key pt itself clean. i: At no time, however, 
1 by was the quantity of débris being srtcnnpented through the rating flume more 


than a very small proportion | 1 of the débris-carry roarrying capacity of the stream 
te in the rating flume. Under these conditions it is not ‘surprising that no 
the ‘serious: change in flume | rating was observed. To conclude from these exper 
the ments that, under natural conditions, débris would have no serious on 
ts at 


4 th the case of the 10-ft San Dimas type of rating flume a small land- 
slide « occurred short distance up stream some time after the flume was 


45 

4 

aff 4 

ered débris dunes in flood channels. Eventually. as the supplv of added débris 

me 
= 

ord: aucu. Logether With Material dumped Me stream bed Quring Ae 

of the fume, this landslide formed a débris dune which was gradually _ 


moved down stream by the subsequent flows of clear water. the 
e time a test was conducted for the purpose of determining a rating curve for Dur. 
a the 10-ft flume the dune occupied a position about 25 ft up stream from the I func 
ee rating-flume entrance. The comparatively large flows used i in the early part a 
or of this test moved the débris dune rather rapidly down stream until it occupied rati 
a position just above the rating-flume entrance. In this position it had ratil 
rather a imarked effect on the nature of the flow through the flume, as it caused [ nece 
“8 the water to enter at an angle with the center. line, ‘Tesulting i in cross-currents; J the 


“og 


and, times, water ‘ ‘piled up” against the ile of the flume opposite the devi 
7 


sttilling-well connection. Under these conditions it was 1 not surprising to find and 
= of 10% or more in successive determinations of the stage- »-discharge on t 
: relation. . At the time the tests were concluded a a small | quantity of débris had & dist 
begun to be discharged through the rating flume. | At no time during the t test [I floo 
was additional | débris_ being added to the stream further landslides above 
bo rating flume; -nor was the quantity of débris being carried through the flume, are 
aa 4 any appreciable percentage of the flow of clear water. Sree ae slop 
‘the purpose of studying the probable behavior of this 10-ft flume the 


under conditions o of larger continuous landslides stream from the rating forn 
flume, the writer ‘constructed a small model and made qualitative studies of the 
| its behavior. In these studies the débris used was in the form of fine wind- ® 
oS _ blown beach sand taken from the back of a large sand dune about one-half mile met 
back from the ocean shore. It consisted of irregularly shaped grains varying aut: 


in size from about 0.001 in. to 0.020 in. and had a considerable degree of suri 


dimensional similitude w with the actual débris i in the prototype. past cou 
In the earlier of his model tests the writer duplicated as closely as ap 
possible the conditions during the period leading up to, and including, the 


‘\aeiinetiennl rating tests. — During tl this part of the model tests the @ appear- 


ances of conditions in the rating flume were about as previously observed in 


a In the second part of the model tests a large volume of additional débris 
was introduced in the form of landslides some distance up stream from the 
a Se flume. Under these conditions the approach channel gradually estab- 
oo itself at a uniform grade of about 8% leading down to the rating-flume 
entrance. — This part of the test was concluded when the up-stream face of the 
Ba - débris « dune reached the edge of the landslides. f During the entire period of this 
Bo. part of the model tests some débris was rolling down the down-stream face of 
—— the dune and out. _ through the rating flume, but at no time did the débris 
i passing through the rating flume exceed 1% or (2% of of the vo volume of clear-w: ater 
flow, and the rating flume remained clean. © 
In the. third part of the model tests large volume of additional 
a was introduced in the form of landslides occurring on top of the down- stream 
face e of the large débris dune formed in the second part of the test, but still 
Tok a considerable distance up stream from the rating flume. _ Under these 
conditions the toe of the dune moved down into the rating flume to a point 
own stream from the stilling-well connection and the ‘volume of débris passing 
through the rating flume increased to about 20% or 25% of the volume of 
As the flow of water was decreased to zero, débris remained 
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During this entire part of ns model tests the rating flume obviously failed to a a 


‘These preliminary model tests that, the San Dimas t type of 


rating device for shifting flood Further” ‘tests 1 are 
necessary to determine, first, how far this type of rating flume i is from ose 


the desired answer; end e second, to find out, if possible, what : type of rating ce 
device is best adapted to the conaitions that must be met in the flood-control 


and flood-measurement fields. * _ Experiments along this line should be based 

on the assumption that the best type of rating device will be that which least 
disturbs the balanced conditions that Mother ‘Nature herself establishes in a 


most stable natural “controle” for a gage on a débris-laden ‘stream 


there is a very definite relation between the in the rating curv 
formula and the shape of the cross-section of the stream at the point where ea ie 
the change in slope of the water surface 
ind- { The writer gratefully acknowledges the assistance he has r received from 
mile ‘members ~ of the Los Angeles” County Flood Control District, and from the ee 
ying authors themselves, in the preparation of this discussion. . Unpublished water- ‘y 
e of surface elevations in the 
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h ‘channels w ere made available through the - 
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pre 
ar 
WATER RANSPORTATION RAIL “all 
TRANSPORTATION” 

R -FAIson, M Am. Soc. C. 
R. FArson, 22 M. C. (by letter). Opportunity to take ps part 


in in the discussion of water | transportation costs in an impartial technical publica Ta 


tion is is welcomed by the writer. __ After all, finding the value of improvements ae 

a a for na navigation is a technical problem. ph Most of the publicity ¢ accorded this im- sh 
portant 1 topic in the commercial press is too partisan in viewpoint to serve the 
- man who is seeking facts. The “picture’’ is too likely to be colored, , perhaps m 

_ unconsciously, by the interest of some particular section, industry, or type of a 


carrier; or ‘distorted ed by a an array of selected statistics which illuminate onlyone @ i 
ES side. Asa a consequence some theories as to the cost of water transportation, 


if not ot strictly, in accord with s sound economics, have apparently gained wide popu- 
ler acceptance even | among engineers. In spite of Mr. Wonson’ > obvious sin- 


his otherwise able and f fair treatment of the With his basic 
principles the writer is in complete accord. 
The writer ¢ does not advocate providing or maintaining, by artificial stimu 


‘lants, any 1 route or means of transportation that proves uneconomical. ‘There 


we. would be no point | in trying to hold traffic on the rivers to keep water service 


alive if no general public benefit resulted. He would d make a an even broader 


ane application of this principle { to 9 cover 0 outmoded and uneconomical transportation ; 


: ~ routes and service of all kinds i in which the public has a stake. Differences 


oe with Mr. Wonson arise, not as to principles, but as to methods of appraisal and 


bases of comparison between the several types of transr ortation. Tt seems in- 
Notgr.—The Symposium on Water Transportation Versus Rail 
8 presented at the meeting of the Waterways Division, Little Rock, Ark April 25, 1936, 
and published in September, 1937, Proceedings. Discussion on this Symposium has ap 
‘peared in as follows: October, 1937, by George Hartley, Esq. ; December, 
es at by W Faucette and J. EB. Willoughby, Members, Am. Soc. C. B.; January, 1988, 
; and February, 1938, by J. EB. Goodrich, Esq. 
D. why? 
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FAISON ON WATER RAIL TRANSPORTATION 


‘interest of nec as a whole to exercise particular | care in adopting at 
proper “yardstick.” ” Because there are well known inherent draw-bac } 
barge transportation, it cannot soundly be assumed that all inland waterways — 

are bad investments. Averages obtained by grouping good : and bad projects 

together are obviously valueless. It is frequently found in the case of individual 

J improvements that favorable factors, fully recognized and evaluated, outweigh 

‘- he Circuity. —Prominent among such disadvantages stressed by Mr. Wonson is pee 
- the fact that r river routes a are e generally longer than competing r: rail routes. 4 Like 
waterways can usually be measured and given a definite value. Mr. Wonson 

: attempts to do just that, but he derives his circuity factors from a comparison 
of river Mnileage with the s shortest | rail distance, i ignoring competing rail routes. 

} He uses these factors to raise the actual unit cost of freight movement by water 
toa higher sum for comparison with rail cost. . This procedure gives no con- Pe 

. sideration to the fact that the ¢ great preponderance of rail freight also travels 
® circuitous routes. The Federal Coordinator of Transportation finds that _ 

f the average rail tarload moves 11% farther than would be necessary by a direct 
line in common use. As a result of their analy sis of freight movements by is 
railb between river ports, the lines have the Interstate Commerce 7 


tion with water routes involving relief the and-short-haul 
_ ments of the Transportation Act, it is not uncommon to authorize rail routes — a 


- as much as 50% longer than the short line. it should be remembered that the | 
ai of some of the principal in inland water routes is less than that. ‘The 


canalized Monongahela River is - actually shorter, as a matter of mene 


| competing rail lines, but the fact is dismissed in Mr. Wonson’s analysis as negli- — sf 
- ible, x Obviously, the circuity factors in the paper under discussion must be 
reduced to conform to the facts, if the reader is to arrive at the correct ‘answer. 
Amortized Expenditures. —It was not found possible to reconcile Mr. 
- Wonson’s distribution of costs among ; the several interests affected with pub- | 
lished statistics. . Apparently he charges such items as bank protection, and, in 


~ fact all the money ever spent on inland streams except flood control a allotments, pi 

to existing 1 navigation facilities . According to his theory these charges must 

be borne by existing water lines on their present tonnage or improvements _ 

should be abandoned. In this: situation the engineer must face the fact, 

~ squarely, that the millions spent for purposes other than navigation, and for 
-_atigntin improvements which have been outmoded and abandoned or super- 

seded by modern projects, are any conceivable w 


ae Only a small part. of the open or work done on the Ohio and Warrior an 


4 Rivers, for example, contributed in any manner to the present efficiency of ot 
4 these waterways, but it served its purpose for n many years and its cost was 


“> Freight Traffic Rept., Paragraph 71. 
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WATER \ VERSUS RAIL L TRANSPORTATION Discussions 
contemporary commerce. At most, only | the cost of useful 
work necessary for present navigation has ar any y practical bearing. ee ‘On the War- 
‘rior River, canalization was begun i in the Nineties and completed just prior to 
the serious - congestion of the Nation’s transportation system incident to the 
‘ ae: World | War. ar. Justification | of expenditures providing this alternative freight 
a : route between an essential producing area and tidewater would scarcely have 
an been seriously questioned at that time. Such waterways cannot be duplicated 
- over-night, and naturally it is impossible to expand and contract permanent 
investment: already made, to synchronize with fluctuating traffic volume and 
= business cycles. In this connection it is far from clear just what end would be 


served with respect to all these past expenditures. ‘if the Ww ere to be 
abandoned now as recommended in Mr. Wonson’ 


SG oe nterchange of Traffic. —Mr. Wonson’s analysis indicates that benefits due to. 
‘os the improvement of inland rivers are restricted to communities ¢ along their 
ae banks. ‘The e evident intent of all legislation having to do with water evap 


public. The clause of the ac act establishing rail-water differential routes 
$ —_ rates is obviously designed to extend to “dry land”’ territory the same scale 
i of savings enjoyed by ports along the waterways. Barge lines have in fact 
instituted a broad system of traffic interchange with railroads and motor truck 
eo lines extending far into the riverless regions of the country. . The effect would 
_ doubtless be felt more generally were it not for the: openly avowed unwillingness 
of the railroads 3 to co-operate. _ As a group, their opposition h: has ranged from 
challenging the v: validity of the legislation i in the Courts and o opposing each p pro- 


extension of the ‘system to th the current before the Interstate 


which localities inaccessible by already enjoy the benefits of 

_ barge service.“ It is desired to ‘emphasize : at this point that the writer r does 

‘not mean to imply that there is anything fundamentally wrong with this 
perfectly natural attitude of rail and water competitors toward each other, their 

4 interests being involved primarily in the profitable operation of their individual 
i properties. — The engineer must recognize, however, that these interests cannot 

expected to coincide with each other nor with the ‘interest of the country 


water | service 


carriage are not public benefits. does not ; attempt to assess t the bene- 
- fits resulting from the various types of river improvement to. any particular 
region or group of beneficiaries, except where the effects are local in character. ; 


The waterways are made open | to all, and of element it 


savings | river improvement to their ultimate or to devise any 

system of charges that would | distribute the burden more equitably | than the 

present one in which the public | pays s for its sg hand and the shipper pa pays for 

on it. t for 
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is not if the potential e of such costs is greater 


‘ar- than by other available means ¢ of transport. He differs from him in the © 

r to method of measuring these costs, and the significance of the results. The en- 

the owe ~ problem. is not to identify the beneficiaries, but to determine whether 
ght there is, in fact, a net economic saving to be distributed. 
ave Tonnage Betitnttes.—Me. -Wonson attaches gre great significance to the relative 

ted _ public use of rail and water facilities. ( On the other hand, his estimates of the - 


ent volume of water commerce that can reasonably be. expected are based on the Paty 


und _ comparatively small tonnage which the boat lines thus far have been able to oe 
be Sem and hold in the face of competitive rail rate depression. _ Itis necessary x oR 
be to bear in mind that inland river improvements comprise a system that is still a 
under construction and far from complete. Records show” that the growth of 

to water ¢ commerce is in the direction of longer and longer hauls as the individual ae. 
veir waterways are progressively e extended and connected into system. The 


or- [period for. building up permanent water traffic involving the gradual develop- om 


the M ment of storage w warehouses, grain el elevators, cotton jon compresses, industrial plants, = 
tes [and auxiliary services at the water side without sacrificing. existing facilities, isa ae 
ale & i period of evolution reasonably expected to extend over a considerable number a 


act of years. It is believed that the greatest impetus toward building vu up a repre- 
- a sentative volume of tonnage on waterways will result from the eventual ad a 
uld ment of freight rates to conform more closely than they now do to the cost — 
ess 4 the transportation service. That this trend is ‘officially favored is evidenced 


om 2 by numerous decisions of official regulatory agencies; for example, a concurring 


ro- opinion 1 of a member of the Interstate Commerce Commission in the Petroleum 
als ’ “T am much inclined to believe that a system of rates for all agencies based _ 
of on cost plus a reasonable profit under normal traffic conditions would allow | 

es | zr all to perform their appropriate functions, and in the end be better for — 

his all concerned, including the he country and its industries, thar than any system of 
ial _ Mr. Wonson’s insistence that freight charges measure the cost of the service,and _ 
ot his attack on waterways as tending to favor regions adjacent to rivers at the | 
ry [expense of more inaccessible territory would lead the reader to infer that rail om 
BY freight: charges are commensurate with cost, and that rail carriers do not esa 
on : riverless regions ; with high rates in order to support low rates along the water-— ny 
ay ways. 1 The writer agrees that when Tates are “made proportionate to cost of 
er ope operation, it is reasonable to expect an appropriate . distribution of traffic among — 


e- _ the several forms of transportation, to e each falling the ‘share best adapted to its % 
ar particular kind of service. ~ Direet comparisons of tonnage would then be s sig- 


f “Mificant, and total relative ton-mile costs would o offer conclusive evidence of the _ 


“degree of Justification of river That ideal condition i is more 


y oh In its profound | effect on relative public use, it is necessary to r recognize a Bgl 

practically universal railroad policy of depressing rates to profitless levels when 


Chi. ‘of Engrs., U.S 


See Tables, Azaval Repts., 
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= ae aa confronted with competition from water lines. ~ Such rates not only fail: to cover 
ized charges br but usually « cover only a part. of operating and maintenance 
= expense.”” _ The expectation of this result on the part of shippers undoubtedly 
= - Gives rise is much of the organized agitation for improvement ( of inland streams, 
a and introduces the most troublesome single factor into the problem. The 
; ee: writer joins | Mr. W onson in earnestly deploring this use of f waterways to Tegulate 


¥ 


ae rail rates, but the depression of rates to meet water competition, of course, is a 
ae ni, wholly voluntary act on the part of the railroads. It is clear that freight re- 


eaptured by this means from economical routes and diverted to uneconomical 
_ routes, causes the public to forego’ the real savings made available by w ater. : 
aa When thus deprived of profitable tonnage the barge lines sustain material loss 
EP . which is totally uncompensated by profit to the rail carrier or real benefit to 
‘The Added Traffic Theory—For the most part the competitive depression © 
~ of rail rates is confined to traffic between ports served by waterways, the rates 
cr between intermediate and interior points being held up on the “‘dry land”’ level. 
ie addition to this non- competitive traffic between intermediate points, the 
a railroads’ normally handle between ports m many ‘commodities not adapted to 


barge movement. ‘Under these circumstances the depression | of rail rates to 
ee competitive levels on commodity movements adapted to water theoretically, | 
a least, leaves t the bulk of rail traffic to carry the expense burden. — Obviously, 


the total revenue collected by ‘either type of carrier must exceed its 


. 3 completely at the mercy - of rail competition w were ° it not for the fact that under 


normal conditions barge lines can handle adapted commodities at much less 


cor e “added traffic” theory invc oked by the railroads to meet this situation a 


2 .. or a cost of handling any additional freight that may be secured is s but a a emall 
ey part of the full cost of maintenance and operation. _ For the creation of new 
go there is nothing fundamentally unsound in this theory, provided alw ays 
. that rates are so fixed that the extra tonnage brings in as much money as is 
Spent to move it. It is when ‘carriers begin to view each other’ ~ business as. 
potential added traffic, and to prey upon each other’s basic tonnage by ra 
= of out- -of-pocket rates, that the theory breaks down and the public eventually — 
te to make good an uncompensated loss. The raided competitors certainly 
cannot afford to submit cheerfully to ‘ “subtracted” traffic, nor subscribe to the 
; ah theory that their revenues and expenses ar are not affected thereby. . Ww hen carried — ; 
the extreme now characterizing the aggressive campaign against w ater 
_ transportation, almost all traffic is rapidly taking o on the status of added traffic, x 
and revenue with which to pay: full operating, maintenance, and fixed charges, iat 
= not to mention dividends, is becoming progressively scarcer among the rail- :. 
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a ™ See testimony of the rail representatives in Ex Parte 123, ICC, December, 


‘he most typical case brought to the PENS of the ci Fs 
on was decided July 23, 1937,?° and involves the shipment of about 100 000 a 
tons of molasses the area a to Til. OD the 


Mf arch, 1 938 


vie deen the cancellation of orders | for 1 new ew barge equipment. ba The —€ 
— E& rate yields 4.2 mills per ton- mile > gross. . This rate compared with the 9.9 os 
average rail rate used by Mr. Wonson would indicate that the molasses business 
to Peoria is not “pulling its weight” on the railroad but that the river loses ton- 
nage it could carry profitably. ~The rates on molasses to intermediate dry-land ’ 
points, of course, are held up to the old high level and, together with other non- 
competitive traffic, are doubtless carrying the added burden. This typical 
‘ease is used to emphasize the fact that each departure. from the long-an and-short oe Ae 
haul regulations of which there are hundreds, tends to divert a substantial block _ re ae: 
of tonnage from the waterways where it be handled economically, and 
Where it would serve to decrease the average unit costs of water movement. 
* Effect of Rate Cutting. —No single type of carrier holds a vested right in any dy 
particular traffic. As already stated there would be no point in trying to hold ; 
traffic on the rivers to keep water transportation alive if no net benefit resulted. ae 
However, water transportation is clearly entitled to a chance to justify itself, a 
before the public can pass judgment intelligently. _ Therei is no logic i in recaptur- on a 
‘ing | tonnage from water by means of _profitless rail rates, and then pointing to 
the lack of w ater-borne tonnage as significant. . Out-of-pocket rail rates hold hes 
the volume of barge tonnage far below that which would normally , seek that a4 
form of carriage, and which ‘iver carriers have justifiably equipped th themselves 
to handle. re Naturally unit costs of water line operation rise in response to such = a 
depletion, and the cost per ton to the Federal Government of waterway con- ad 
struction is unduly inflated. It will be readily understood that, in use of the 
term, “inflated, ” and all other: expressions of difference of opinion with Mr. 
W onson throughout this discussion, there is no thought of imputing any con-— 
scious or deliberate bias. The writer believes that the angles stressed herein oa 
have been n overlooked, and ‘that their full consideration will reverse some of 
Mr. Wonson’s conclusions. if He i is not concerned with regulation of the | pra 
tices of the carriers, but with « due recognition of their effect on cost: factors. — 
Summary- —Long-range analysis of the future of river | ‘commerce e must 
contemplate, in all reason, a closer approach to the cost basis of fixing trans- ; 
portation charges than now ; prevails. The present system i is leading toward 
bankruptcy for the carriers and a ‘collapse of the transportation structure. 
- Doubtless there is a present surplus of transportation capacity in certain areas 


= the least efficient and economical carriers, whether rail or water, must in- 
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he which over the short rail line of 840 miles would yield 7.1 mills p th 
The industry purchased a towboat and tank barge equipment a 
3a it could transport its own raw material for $2.60 per ton, or at 2. _ . a a a a4 

ton-mile for a water distance of 1270 miles. The initial floating p | 
al found inadequate, the shipper was negotiating for the purchase of an pte ae, —_— 
or, [& fleet when the railroads depressed their rate to $3.50 per ton. Thisreduction = = he 

4 


to the e advantage of the ‘situation. se seems s scarcely 

E , Bere to the writer , however, to hold that the internal waterway system is 

‘we i, liability rather than an asset to the country. — Eliminating the cost of im- 

4 ee for other purposes such as prevention of soil erosion and the cost of 
) Bees outmoded and superseded improvements, placing the remaining costs on a 
: es oe basis, and using the low operating costs of going barge lines, completely 

changes the picture in comparison between rail and water carriage. ~~ 

- ie It is firmly believed that traffic, if permitted freely to seek the best adapted 


Toutes, flow in to the in 


rabiy with th 3 herein are trivial in their nemerme the reader is asked to 
ae, make a a hasty computation of the results of applying } Mr. _Wonson’s s method « of 
a appraisal. A 50% drop in water-borne tonnage as a result of rate cutting, 
means a , 100% inflation of the cost of Federal | improvement, computed on the 
-— ton-mile basis, in addition to the rise in unit costs of the boat lines. Adding 


ij 


ae costs, and those for superseded improvements, using cost ratios of 


a - projects still under construction and not yet ready for traffic, employing exces- 


factors, all err in the same direction, to still 


is capable of effecting; and yet it is this depleted tonnage and 
these inflated costs that are cited as proof of the failure of siver improv vement to 
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DESIGN OF ROCK-FILL DAMS 


cop 


BY Messrs. HOWARD F, PECKWORTH, “OREN REED, WALTER L 


HUBER, “SAMUEL B. MoRRis, “AND 


at 


Peckwort#H,” M. Am. Soc. C. E. (by letter) .!°—The 


of rock-fi -fill dams, as given by Mr. Galloway, does not include those Ww ‘ith a facing ee Riker’ 
of i impervious fill. It is perfectly evident, from a historical view- 
point, why this was” done but the writer believes that a rock- fill dam with an 


impervious ‘tolled-earth blanket, should heading of 


behind the impervious may be different, but 
functions 0 of the rock- fill are the same in both cases. Fm: Gallow ay’ ‘8 paper is 


especially useful i in defining the basic ¢ principles of design f or this type of dam oo 
developed in the West because there is no , doubt that in the near future this — 


type will be used i 1 in many variations in connection with rolled-earth fill i in the ea at 
South and East as well as in the West. 


present, a graded sandstone supporting an ‘impervious: rolled- earth 


blanket i is being used i intl n the construction of Inland Dam, 1 near r Oneonta, Ala, for 


not in the exact type , described by Mr. . Galloway; and as sandstone will un- 


doubtedly be used some e day in the type » described, it is of interest to note the oe 

following characteristics of a sandstone quarry: ba 

0) The line of demarcation between the over-burden and the stone may be ~ 


very indistinct, the | over- -burden grading gradually from top soil through clay ; 
sandy ¢ clay, and decomposed « or unconsolidated sandstone to good, hard, suitable - 
Sandstone. The question will arise as to exactly where suitable stone begins 


“and 1 many arguments can be avoided by ‘including i in the specifications, ‘ ‘suit- pe 


sg Norr.—The paper by J. D. Galloway, M. Am. Soc. C. E., was published in October, 
—:1987, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: — 
December, 1937, a? Messrs. Cecil E. Pearce, and H. B. Muckleston; January, 1938, by _ 


Harold Fox, M M. am Boe. and Fe 1988, Messrs. Paul, 
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Meg REED ON DESIGN ROCK-FILL DAMS Discussions 


= able stone is ean which rings under a hammer or passes a. compression test of 


[a @ In a sandstone quarry there is likely to be e an excess of quarry waste: 

eye |” decomposed or unconsolidated sandstone, broken down by blasting to sand or 

= - fines; and included with this material may be horizontal seams of shale or 
a vertical seams of clay or top soil. In the quarrying operations this must be 

expected and must be taken care of methods of wastin 


also checks the values, ‘13 3 to lan 1 and A to! for free sandstone 
OrEN REED," M. Am. C. E. (by letter). 130 by the author, 
the design of rock- fill dams was developed primarily i in Experience 
has established certain rules of design, which have been used in the construction 
oa several notable : structures such as the ‘Salt Springs Dam, in California. 
= by the use of native materials is ordinarily the - controlling g factor in 
_ determining the selection of a rock- fill dam for any site. “ye et 
Rock-fill dams are not common in Europe. However, there are a few 
a structures | of this type, one of the largest being the ‘Porjus Dam, in Sw rede, 


which was inspected by the writer in 1930. . The dam at Porjus, 30 “miles 


‘a north of Arctic Circle, consists of an earth and rock- “fill, two 

spillway ‘sections over the natural channels, and a short -conerete gravity 
giving a total length of 4 100 ft. The dam, completed in 1912, was 


er, largely of earth and rock- fill because of the ‘high | cost of concrete 


this remote location. ‘Like the Crane Valley Dam, in California, the 
section consists of a rock- fill down stream from a center. core-wall of reinforeed 
concrete, and gravelly earth- fill, covered with rip-rap, on the up- “stream side, 


- The down-stream face was built on a slope of 1 on2 tod the u up-stream am slope 


ret aaa 1 on 2 at the top to 1 on 3 at the toe. _ The crest width i is 15.4 ft. 
The normal free- board is 5.2 ft. The “material for the rock- fill was obtained 
from the excavation for the spillway. and intake tunnel. 


two spillway ‘sections have a total length of 648 ft, each consisting 
conerete arches between concrete buttresses. The ¢ crest of the spillway wear 


¥ a roller g gate 16 ft in diameter and 39 ft long. The roller gate is is remot 


He controlled from the power-house, providing close regulation of the pond level 


ene ae Due to better transportation facilities and increased knowledge « of concrete 
construction, a multiple-arch dam was given preference the “regulation 
oft the Sourva Lakes was under r consideration. The dam at Sourva provides 


= ~ regulation « on Lule River to. increase the normal low- water flow at Porjus. 


This dam, completed i in “1924, has a maximum | of 75 ft and a length 
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The at Sillre, ec in 1933, has a length of 920 ft and is 

ste; of rock from the power tunnel excavation. The dam is located on a ines “ih : 
d or and morainic foundation. — The down-stream face has a slope of 1 on 1.5 and — = 


the up-stream face, a slope of 1 on 1.6. ‘The crest width is 9.85 ft, and the 7 Sa 
t be maximum height is about 26 ft. The water-tight part consists of stiff puddled (2 a 
B. day, placed on the sloping up-stream face of the dam. "e The puddled clay has a &§ 
z a normal thickness of 2.0 ft at the crest of the dam and 4.9 ft at the foundation. — 
tone The e clay blanket is joined at the bottom ‘to a sheet-piling -cut- -off, which 
He & extends 13 ‘ft to 16.5 ft in the hard , but pervious, foundation. 1 The as. 

ty 15 blanket has an n up-stream | slope of 1 on 2 and is a separated from the rock- fill 
a) by a thin lay er of gravel, which acts as an inverted filter. An insulating ll 


of peat was placed on the face of the clay blanket and heavy | rubble rip-rap was 


hor, constructed on the insulation material to prevent erosion by wave action. 
ence The development. at Sillre is a pumped-storage ‘project and the capacity of 
_ S the reservoir is large in relation to the run-off. There is no ) spillway, but a 
es sluice-way i is provided which i is controlled bys a slide gate, 4 ft by 9 fti in| section. 


aa = The dam at Torrén, completed in 1936, is a true rock-fill with a timber ; 
facing, which is fastened directly to the rock of the rubble wall. up 
stream face was built on a slope of 1 on 1 1, whereas: the eeiaeiionia: face has" 


a 


writer: considers that a well- designed rock-fill dam is 
Stable structure and in locations where cold temperatures are experienced, a fill 


dam may be preferred to a conerete structure. aie In some cases, as noted 
previously, the spillway may be provided with gates” with perfect. safety. 


Me a slope of 1 on 1, 2 _ The crest width i is 10 ft. | The timber deck was selected 
miles ‘instead of a ‘anode deck because it was « expected that settlement of ‘the 
— rock- fill | might be great enough to cause dangerous cracking 0 of a concrete deck. 
dose J Alow concrete cut-off wall is provided to connect the timber facing to >the rock 


slo 

16 Am. Soc. C.E. (by letter). 18a —At least a a partial 

ng of “remedy for the lack of any published compilation of authentic data on rock- 
tions ‘fill dams i is found in this paper. * _ The rock-fill dam is a type of structure a ey 
: and “has been widely used i in the western part of the United ‘States. The author ie 


has confined his discussion to true rock-fill dams which, as he states, consist — 


level - of three elements: ‘A loose rock-fill forming the mass of the dam; an 1 impervious - 
face next to the water; ar and a rubble cushion between the two. From: 
serete type many variations have been developed, including important structures 
ation PA in recent years wherein a very substantial section adjacent to the im- 
vides Pervious face is of rolled fi fill, back of which i isa loose graded rock-fill (such as we 
orjus - San Gabriel Dam No. 1 of | the Los Angeles County Flood Control District, — 
sth of : & maximum height exceeding 350 ft). As is indicated in the paper, the | & 
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OF ROCK-FILL DAM Discussions 

true rock- 

type and from an intermediate type v wherein the ‘section \ was largely of of un 


cemented, hand- laid, rubble masonry. 
The _Inentions the Bear River and Meadow Lake Dams, on the 
Ce Mokelumne River, in California, built from 1900 to 1903, as about the last 
aon rock-fill dams to have the down-stream face protected by a dry rubble w all. 


= 


se ae Attention is is ¢ directed to the Utica Dam, of the Utica | Mining Company, on the 
head-w waters of the North Fork of Stanislaus River, in California, which was” 
_ completed t toa height of 60 ft in 1908 and which has a | back face | of dry rubble, 

Mention is made of Sabrina and Hillside Dams on Bishop Creek, Cali. 

a, both of which are of the true rock-fill type, 70 and 80 ft in height, respec- 
“ ‘aan. 4 Fig. 3 is a view of the timber face of Sabrina Dam after the rock-fill had 
oe acquired most of its settlement This i is in no way indicative of the present 
condition of the structure. e. As the author has noted, the timber face was 


Teplaced after ear We of service. Ki g. 1 is offered to sh show the present 


ondition of this: was of native lodge-p pole 
ee timber, admittedly an inferior grade of lumber, but because of the inaccessibility 


ao. the site of both Sabrina & nd Hillside Dams mgrare 1908 to 1910 this was used 


fill ‘as noted by tare the cushion of ha nd- placed rock was” 

‘After twenty years of service, the original timber faces of both dams wil 
showing ‘signs of deterioration | and leakage was increasing. Accordingly, 
these faces wel ere removed and , in e each case, the cushion of hand- placed rock 
was brought up to an even surface. Pressure-creosoted, 8-in. by 8-in. Douglas 


vertical stringers were in the reconstructed face of ‘the: Tock cushion 
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which were spaced at 6-ft intervals and secured to sections of rails embedded 
in the dam. Se ‘Directly across the stringers is a plank facing of redwood which 


forms the water-tight element. . These planks are 3 in. by 12 in. Redwood ve % 
splines, 0.5 in. by 1 in., are placed i in the horizontal joints, and the end joints 


are splined with “by 2-in. . galvanized flat steel splines. redwood 
facing varies: from three layers of 3- -in. planking at depths exceeding about: ae ‘ 
: ft to a single layer for a depth of less than a about 11 ft. a Fig. 15showsthe 


in 1930. It is believed that the life of the new faces constructed 


of ood and pressure-treated fir exceed that of ‘the 


original faces of native timber of inferior Iti 
to note that estimates indicate that reconstruction of timber faces, as required a 
from time to ) time, is more economical than the construction of a so-called 


permanent face under the difficulties imposed a at the sites by inaccessibility — 
and iby short seasons due to high altitude. 


how’ 


Another advantage § secured is that the flexibility of the original timber 
aces allowed them to follow the unequal settlement of the rock- fills and, ya 
at the same time, remain ‘comparatively water- tight. _ The new faces have 
been applied : since the settlement is substantially completed and these facings 
will not be subjected to the same ‘warping. wie Although this type of facing — 
has advantages for dams of lesser height, ‘the designers | of some of the ver 
high rock- “fill dams have ‘sought a of more | permanence and have applied 

nee a degree of rigidity has 
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ie 

the inevitable settlement of the rock mass occurred. In case of 
Gabriel Dam No. 2 , of the Los Angeles County Flood Control District, a 

ay timber face has been installed as a temporary expedient after settlement of 
the rock-fill had seriously distorted the laminated concrete slab face. 
ce disadvantage of timber facing is the possibility of destruction by fire 
when the water is drawn down in the reservoir. ~ Serious damage fi from this 
ates ‘source at Sabrina Dam v was traced to the carelessness of a fisherman. The 


owners have | since enclosed all their timber-faced_ dams" with high and sub- 


SAMUEL B. Morris," M. Am. Soc. C. E. (by letter). 16a__The historical 
a development of the rock-fill dam has been well presented in this paper and the 
a author has outlined the general criteria for its design and construction, to the 
cS ol present m maximum height of slightly more than 300 ft. There is one aspect rela- 
re tive to rock- fill dams with which the writer has long been concerned. — How y will 
fe: the | average, we well-constructed, high, rock-fill dam behave during violent e earth- 
quake shocks? Earthquake accelerations up to0.1g are generally being applied 
‘ to dams, ‘school buildings, and other structures in Tegions where earthquakes of 

More recent. designs of concrete or masonry, dams of all types in California 
and c other parts s of 1 the United States liable to o earthquakes hi have made provision 
for resistance to earthquake shock. Such | designs : are now made to provide for 


= 2 principal types of forces ac acting upon a dam during Cangas gong : (1) The 


the reservoir bearing t upon ‘its ‘up-stream face. 
5 rf There i is probably no type of structure built by Man which offers so grest 


a4 dynamic forces s resulting | from the motion of the dam against a still water af 


a potential hazard to life and property as a large dam and reservoir up stream 
from a heavily populated area. _ Proper consideration of safety is paramount. 
In connection with the design of a high dam so situated | the writer, seversl 
years ago, took occasion to visit a large number of existing dams and to study 
different types from the standpoint of safety i in a region where earthquakes are 
: on The rock- fill dam has been su suggested to the writer by some engineers & a8 
being - particularly suitable for use in regions liable to earthquakes, on account 
of its large mass and flexible character. The writer has been inclined to que> 


tion the behavior | of high rock- fill dams during shocks. — 


= the Long Beach earthquake | of March, 1933, a sand-spit peninsula more thas 

“ eae 1 000 ft wide and several thousand feet long settled, and the land surface We 
dened, , causing cracks in paving aggregating as much 1 as 5 ft. . There has b beer 
serious settlement and longitudinal cracking i ina large hydraulic- fill dam during 

an earthquake of such moderate proportions that practically no other damage 


eat % Dean, School of Eng., Stanford Univ., Stanford | University, Calif. 
by the 8 : 
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March, 1988 DESIGN N OF ROOK- FILL DAMS 
to structures of any kind occurred. The reservoir was at the time. 
During the Santa Barbara earthquake of 1925, the Sheffield Reservoir was lost” 
through complete failure of the small earth-fill dam ne created it. ea 
where, earth-fill dams have survived severe evere earthquakes. 
During the Long: Beach earthquake there was general settlement and 
fire [consolidation of land surface in deep alluvial- filled valleys in 1 the: vicinity. y. The a 
this consolidation of alluvial materials: resulted in a sudden Tise 0 of water in wells s a 
The % and where ground-water | was near the s' surface, of a large number of small jets 
ub- [% of water flowing like little geysers, and leaving their record in fumarole- like g 
2 deposits and erosions at the cracks in the ground surface through which the . 


ical = Of course, none of the physical on related to the foregoing ng observa- 


the tions is very closely related to the type of fill represented i in properly constructed _ 

the rock- filldams. However, the settlement of mine and tunnel dumps has been 

ela- observed as the result of earthquakes. Here, there e may be a very marked © 

will resemblance to the normal loose rock-fill dam. — The absence of placed rock, 

rth- and a concrete blanket on one side of the fill, such as that used at the up up- -stream & 

lied face of rock-fi fill dams, is not important in making such ch comparison. — Of ae, 

wed ‘most of these mine or tunnel dumps will have too much fine material or will — sg 

be too soft a grade of rock, and will not have included the important sluicing 

— "during ‘rock ] placing. 4 It is believed, how ever, , that observation of such dumps 

"may reveal some that closely resemble the loose ‘fill of rock- fill dams. ‘This 

for "subject i is mentioned in the hope that engineers may be on the wer for 

The ~ such rock-fills which may have settled during earthquakes, or which may : 3 3 
checked later if such earthquakes should occur in their vicinity. 


high rock-fill dams to earthquake shock the writer presents this discussion. 
_ Mr. Galloway describes the cause and manner of settlement of rock- fll ; 
inn adequately, and yet briefly, in his first paragraph on settlement (see 
Ih discussing the cross-section (see heading, “I Design: Cross-Section’ . ; thir a 
paragraph) the author presents the accepted practice from which the ty pical — bol 
‘Tock- fill dam i is shown to be composed of loose rock with a ‘minimum top width a x 
of 15 ft and slopes equivalent to the angle of repose of from 1 on 1.3 to 1 on 1. A, 
For a thickness as great as 15 ft at the - up-stream face, derrick-laid or ee 
tock is placed to form a semi-rigid layer to ‘support the concrete or other i im- 
= In the case of a high dam, s settlement of as much as 5% of the height may be 


With the hope that the author will comment further on the 


"se - expected owing to the spalling or crushing of point contacts between adjacent 
. 4 tocks in the va rock-fill. As successive layers of rock ar are placed and seo 
Pe dam j is built higher and ae these p point contacts continue to spall for some 
been 


‘These areas of eenihent: are only sufficient to carry the normal mass am 
ten itself. Many of the points of contact between the rocks will have just 
rushed sufficiently to carry this load at the incipient failure - The 
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2 result. is s that when the water eal is eauslied there is an immediate increase in 


failure carry the additional water load: need: and further spalling 
takes place until the areas of these point have increased sufficiently 
: We, to be able to carry the forces due to the 1 mass of the dam plus the water r load 
a on the ‘up-stream face. _ This ‘settlement. may continue for months or years 
<e depending upon the rate of atanneuaiee the > individual rocks composing the 
_ Assume, - now, that the reservoir is filled to its maximum high- water level 

and a severe ¢ —not an earthquake involving any fault 
— 8 movement or permanent displacement of of 1 f the 1 rocks in the dam foundation, but 
merely the normal earth waves to be expected. yrs These waves will give an 
~oscillating m motion to the e foundations, « exerting new and additional f forces upon 
a the rock mass. _ Point contact between rocks which have already spalled, first 
ed as a result of stresses due to the mass of the dam, and, second, to an additional 
oH. extent, due to the water load, will immediately be stressed beyond the yield point. 
5 Additional spalling and crushing will result in immediate accumulated settlement, 


This s settlement may ‘easily be much more extensive than may be computed 


f the earthquake will likely tend to pw individual rocks. in such a 
= a as to cause them to slide on their miei points of contact, thus 


Jacinto } during the San Jacinto-Hemet of 1918, 
In other types of dams the vertical component of acceleration during nell 


quake - vibrations is ea: easily taken care of by the usual factors of safety i in design. 
In the rock~ fill dam even th the vertical acceleration | must be considered as it will 
add to the unit stresses in the point contacts, causing rock spalling and dam 


a: effect of sudden settlement of the rock mass upon the concrete lining 
on the up-stream face may easily be much more disastrous than the slow settle- 
‘ment that occurs during construction, during the filling of the reservoir, and 
thereafter. - Reinforced concrete has generally been used for the highest rock- 

, fill dams, and, therefore, Teference to its use is made herein. __ Because of its 
high modulus of elasticity and lack of flexibility s some failure of lining i is likely 


i. to occur unless ample provision has been made i in 1 the served for su such settlement. 


Ky some likelihood of rocks being freed at the surface to roll, ‘slide, or, . possibly, 


The total cittlonin’ that may reasonably occur during an ‘earthquake 
is difficult to foresee. _ Probably the constr uction, during 
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there will be immediate seems certain. 


that the settlement during earthquake shock may exceed all other settlement _ 
in magnitude. — Some dams having | too little free-board m may settle sufficiently — 
to cause over-topping. Fortunately, most rock-fill dams have been provided 
with large spillways and liberal free- board as it is well known that they cannot 
_ In a number of the rock- fill dams observed by the writer the lait 


- settlement of the up-stream face has been a substantial problem in suiateining ; 
evel water-tight conditions. The author suggests ‘that the fill should be composed 
‘ault of individual rocks of fairly uniform rock bearing 
but another” and that ‘ ‘any wide divergence i in size will cause excessive and un- 


> an equal settlements. ” Presumably, 1 the important factor is that the size e grading 


shall be uniform and of uniform quality of to avoid unequal settlement, 
first rather than that all rock should be of the same size. 
onal Ih constructing a rock-fill dam it is the — practice to sluice the fine al 


ent, © ‘il the interstices of the lower parts of the él. As construction proceeds and — 
ited the structure rises the lower part of the dam may become quite fully consoli- 
ions dated with fine materials in the interstices between the larger rock. _ The in- ) 
ha creasing load will then cause the ‘Points | of contact, of the larger rock carrying ae 
thus the load to ‘spall off. If this pro process s should continue > sufficiently the resulting — 1 
t consolidation w would cause an indeterminate part of the load to be to be carried on the 3 a 


sean 


and Under static such condition ‘may not be 


sof F to ¢ cause some greater tendency toward sliding either in whole 0 or in ee 


«Possibly this condition will be offset by more rapid consolidation of the small bd 


rth- material than of the larger load- bearing rocks. 

sign. a There are certain qualities inherent in high rock-fill dams which the wr riter | 
will | believes should be considered in the design and construction of such dams. 
dam &f He has enumerated some of these in the hope that the author will discuss the _ 
a) resistance of high rock-fill dams to earthquake shock, and state the factors — 

ning which j in his study and experience should be provided in the e design of we 
ttle- “dams i in regions where earthquakes are likely 

F. Harza,}7 7M. Am. Soc. C. E. (by letter).1*—The fill dam has 


ely factors favorable. However, it ‘eld: be 


Pointed out that a rock-fill dam with concrete face will inevitably: require si some 
a repair of the face after the initial period of settlement has passed. 


x This limits the proper application of this type of dam to storage reservoir 


bly 4 which are emptied at intervals in connection with their u use, thus exposing the | 
Bis face for repairs. Where a large sacrifice i in earnings | would be entailed by 
he emptying the reservoir, power dams are not a satisfactory application of the : 


Cons. Engr. and Pres., Harza Eng. Co., Chicas, 
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cussion 
By Messrs. WALTER H. WHEELER, AND A. FLORIS 


WALTER WHEELER,'* M. Am. Soc. C. E. (by | letter). 160__The principle 


set forth in Professor Andersen’s ‘paper have important, 
applied t to the determination « of correct 


structures. Numerous tests on flat slab floors have shown a a consistently wid 

greement between the stresses determined by the ‘commonly “accepted 

; ad _beam-strip theory of analysis : and the actual stresses in the structure under load 


Various authorities have explained the discrepancy on the theory that thf 
tensile strength of the concrete was responsible, whereas it would appear from 
the e paper that a more logical explanation would be the torsional resistance 0 


Since is based upon shearing strength and not 


tensile strength of the concrete it would seem logical and proper to give cre 

= to this factor in the flat slab formulas. % It does not seem logical to base the 

- analysis. of the stresses in a continuous plate supported on | columns upon thé 

theory of independent beams s supported on columns without any connectiot 
between those beams, as is done in the generally accepted flat slab theory. — 

The writer wishes to call attention to the results!” obtained i in the test of 

Newspaper Union Building, in Chicago, IIL., in 1916, in which fou 


_ adjacent panels were loaded. _ The panels were 17 ft 5.5 in. . by 19 ft 4.5 in. 


of the column capitals w was 8.35 in. The diameter of the column capitals ws Was 
6 in. and’ the design load was 250 lb per sq ft. The test load over the ful 


area of four panels was 913 lb per sq ft and the minimum recovery of the lsd 


ewe Nore.—The paper by Paul Andersen, Assoc. M. Am. Soc. C. E., was published in 0 
tober, 1937, Proceedings. Discussion on this paper has appeared in Proceedings, a8 ~ 
AL lows: December, , 1937, by Messrs. C. W. Deans, and L. BE. Grinter; and January, 1938, © 


| Bulletin (106, ‘Eng. ‘Experiment Station, ‘Univ. of 
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‘ON DESIGN 0 OF REINFORCED TORSION 


that more accurate formulas will result. ‘It has seemed to the writer that the 

1917 report of the Special ‘Committee of the Society on ‘Concrete and Rein- 

B forced Concrete, o on the e design of of flat slabs,!® came much closer to an —— * 
design basis than the more recent formulas of the Joint Committee on Speci- — 
fications for Concrete and Reinforced Concrete particularly as to slab oe anil 


| Ee the only aim is to be conservative without regard to accuracy, designers 
§ should perhaps be satisfied with the present t thickness formulas. 1 If they are 
seeking economical designs which are - reasonably accurate, these thickness 
formulas should be 1 modified a Ai 
progress report of the Joint on for 
and Reinforced Concrete for 1937, 19 ’ gives a basis of determining slab thickness 
which is reasonably accurate pore then recommends that having found this 
reasonably accurate thickness, 20% be added to it. ce The Committee proposes. 
adding 20% to the thickness that would be determined as proper according to ; 
the 1917 report on the design of flat slabs.!8 . Following the Joint Committee’s 
recommendation, the slabs i in the Western Newspaper Union Building would - 
be increased from 8.5 in. to ‘approximately 10 in. thick for 3.000-lb concrete. - <3 
* By the 2 application of the torsion theory to this slal slab, a . reasonable and ready 4 
explanation is found for its remarkable ‘performanee, ‘and the necessity for iy 


Further data on thickness of flat with ‘wn without drop 


panels ai are given in a published report’® by nee ee 
A. Froris,?° Esq. (by letter) 200_From the academic point of view, , the 
author’s treatment of rigid frames, as systems in space, is valuable and instruc- 
tive. In 1 practice, however, there may be some 2 question. _ The solution of the _ 
problem, even as applied to the simplest frame, is too . complicated to >be prac- 
ticable. _ Consequently, the application of the method to frames a as ordinarily in 
designed will be out of the question, especially if the } ‘problem i is complicated by 


If one considers that even a beam sinned by pure bend may be sub- 
jected to twisting moments by a beam connected to the same ¢ 


certain angle, it 1 is evident that ‘Ge: proposed method i is too theoretical to be 


of building frames as a plane problem. In general, structural engineers should 
avoid direct torsion and, if this is not possible, they ‘should at least minimize ite 
. The intent of this discussion is not to criticize dies author’ s efforts, but to 
emphasize the need for keeping in mind the practical applicability of the theory. — 
Professor Andersen deserves much credit in focusing the attention of engineers - 
on the comparatively unexplored field of torsional resistance of rigid frames. a = 


= 
7 _ *Final Rept., Special Committee on Concrete and Reinforced Concrete, Transactions, 


“Not yet ‘published ; see, also, “Comparison of Actual Flat we 
Requirements, Engineering News- Record, January 28, 1087, | 


"Received by the Secretary January 24, 1938. 
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ECONOMICS OF ‘THE OHIO RIVER 


By J. W. D. FAuc 


AND W. D. Favcerre, MEMBER: , AM. Soc. C. E. (by 


tter) problem offered for discussion in this paper is stated by the 

“Freight moves on ‘the Ohio River because it can be ‘more 

cheaply by water carriers than by land carriers. It can be transported at low 

rates because engineering works have been built on the river at the expense of 

We the tax-payer. Since no tolls are charged, the Treasury derives no direct 

‘i return. The public obtains an indirect return in the reduced net cost of water- 

a transported articles consumed. The problem is to compare the engineering 

costs of the improvement with the value of the public 


_ Assumption (Qi is that the entire , reduction of. costs (the author means, not 
— the cost, but merely the boat operator’ s cost) in transportation of freight, 


ee, ‘due to the existence of an improved waterway on the Ohio River, is passed on 
to the public in the form of lower prices of the goods transported, and hence 
r.. His own discussion which follows indicates that this is a most violent as 
_ sumption. In the report of the Mississippi Valley Committee of the Public 


Works. Administration (PWA), submitted to Administrator Ickes on October 1, . 
934, it was correctly s stated : “Private carriers—largely ¢ coal and steel companies 


now transport more than 95% of the total commerce on the Ohio River.” 
there has developed a heavy volume of petroleum products m in 


As Fig. 1 shows, the really heavy tonnage of coal on the Ohio endl is 
between Huntington, W. Va. (via the Kanawha River or by rail) and C incinnati, 


_ Nore.—The paper by C. L. Hall, M. Am. Soc. C. E., was published in October, 1 “4 
roceedings. Discussion on the paper has appeared in Proceedings, as follows: De 

- cember, 1937, by Eugene L. Grant, Assoc. M. Am. Soc. C. E.; ; and February, 1938, 
Messrs. Fred Lavis, O. Slack Barrett, and Edmund L. Daley and Forrest BE. _ 
Engr., A. C. L. R. R., Wilmington, N.C. 

Chf. Engr., S. A. L. Ry. System, Norfolk, Va. 
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q “and there are available general averages of rail charges i in the form o of average 


AND FAUCETTE OHIO. RIVER IMPROVEMENT 


Ohio, where some of it is inmate rail. The author quotes testimony — 
indicating that any difference between the rail- river-rail and all- rail costs is not 2 BS % 
passed on to the consumer, but that the cost to the consumer is identically the ea 
same. — The writers know of other evidence before the Interstate Commerce 
Commission indicating that all such coal is sold on the basis of the all-rail rates 

The great bulk of the coal consumed along the Ohio River and contiguous: ter 


ritory is , moved by all-rail routes, and it may 5 safely be stated that in the great 
of instances any alleged ‘ “saving” is simply by the seller. 


the "ater volume of water-borne gasoline ves the Ohio River. .7 It — a matter of 
common knowledge t that these prices ¢ closely reflect. the price ‘in the Mid- Con- 
tinent Field plus the cost (usually rail rate) of transporting it to its destination. 
& It is useless to consider sand and gravel, moving in heavy volume by barge, By ‘ 
because the value of river improvements and maintenance to such traffic is nil, — 


its 


se Assumption (2) i is s that the reduction of cost in transportation n of freight i is 
equal to the rail cost of transporting the freight actually carried by ° water, 
minus the water cost of transporting that: same freight. 
‘The at author complains because rail costs cannot be determined, , and it . 
“necessary, therefore, to use rail rates; but water ‘rates are a as difficult to  deter- 


mine as rail costs and, therefore, it is necessary to compare rail rates with is 
water costs. In n doing so, however, it must be obvious that like is not Pa . 


ony 


“pared with like. As will be developed later the author’ s alleged “ ‘water costs” 
are nothing m than general averages plus so-called “terminal differentials’ 


-mile earnings which would have permitted of like-for-like comparisons. 
author’ s ‘definition of cost in _ Assumption (2) is subject to criticism. 
Assumption (3) 1 requires. no comment, and. Assumption (4) is admittedly i incor- - 


rect. It is possible | to obtain a break-down of the expenditures of the Federal 5 


lidthouse Service and of the Steamboat Inspection Service sufficient even to _ 
approximate the costs chargeable to_ the Ohio River. Whatever they are, a ; 7 
large or small, , they should be included to secure the true picture. linia 
_ Assumption: (5) is that, in comparing expenditures and benefits, no allowance 


has been made for taxes. — ‘- This j is correct ; but why no not? One Teason assigned 
by the author is that such a , charge i is not applied generally to all carriers’ 


moving on public highways. Although it may be true that motor carriers do 

hot p pay adequately for the use of the public highways, they do pay something — see 
for such use in the form of special gasoline ¢ or mileage taxes, whereas the water 

carriers pay nothing. | “4 ~ Another assigned reason is that nobody charges the cost me. 


of lighting : an airway against an air line. This i is an irrelevant statement when i 


the purpose is to compare rail costs with water costs 


He then argues that the water carriers pay taxes on terminal properties 


‘Which o value if the Waterways were not improved. 
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the Uuo Kiver, are generally sold on the basis of certain mull prices (usually Fitts- 
burgh) plus the rail rates from there to their destinations. The alleged “saving” 
isretained by the shipper or producer. 
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a Perhaps this is true, but he ignores the fact that such water aera? properties 
generally take the place of railroad terminal properties which are just as taxable, 
Kg Then he states that they pay taxes on floating plants that would not exist if 
_ there were no waterways. . Here, again, he i ignores" the fact that the floating 

be plant takes out of commission, at the very least, an “equivalent in railroad 
): which i his taxable. Th he fi fact i is that | most of the water carriers in incor- 
Be porate in Delaware and thereby e escape the “payment of taxes ‘anywhere on 
floating equipment. . (In this connection see reports of the Mississippi Valley 
_ Barge Line Company and American Barge Line Company on file with the 
io ‘on _ Furthermore, when the tax-free, improved, Ohio Rive waterway and the 
Re ce ata tax-free barge companies operating over it engage in competition with 
tax- -paying railroads (paying in taxes approximately 7 cts of each gross 
reve revenue dollar), the result is not only to decrease the railroad volume and 
ae increase its unit costs, but it lessens the ability of the railroad to pay taxes 

needed for Government purposes, including public schools. The tax revenue 
~ loss thus: created must of necessity be made up by heavier taxation « on other 


| property. owners and taxpayers, as has been so well stated by Professor H. L 


+ 


i 


ee 


the Ohio River are e receiving the benefit while the general taxpayers are paying 
deficit. As bearing taxes, , the following from — Lutz 


4. “There appear to be good reasons for the inclusion of a charge against 
~ current earnings» roughly equivalent to the local tax on a similar private 
es property. _ In the first place, such a charge is a proper element of cost which 
industry should bear, “whether it is publicly or privately operated. 

Secondly, the imposition of such a charge would throw into clearer relief the 
, actual incidence of the benefits of public as compared with private operation. 
“Tt is not desirable in a democratic community that any limited class should 
continue to receive benefits which are being paid for by the remainder of the 
group, unless this class is defective in intelligence and earning power, or i 
ys subject to handicaps of health and strength which require special acknowledg- 
ment. — A third reason for the inclusion of such a tax charge is found in the faet 
ee that by such a practice some part of the cost of government is diffused among 
a those who are not readily reached by means of property taxes or other direct 


‘ oe It is true that t taxes are not actually paid on the improved waterway ay and 
. ~ scant taxes are paid by the boat operators; but when, from an economic and 


social standpoint, an attempt is made to measure the relative economics of 
waterway versus rail transportation, an allowance for taxes must be made, 


either “by adding them to the waterway costs or by deducting them | from the 
rail costs. Simply to i ignore taxes as is done by the author is untenable. _ 
Fe Referring to that part of the paper | headed “Carrier Costs ¢ of Water-Borne 


a Freight”: The basis for the approximate. costs, as stated, is somewhat obscure. 


4 


Ee per ton, or in thousands of dollars, appearing in Table 3. For the pur} pose of 


‘i steel, coal, , and petroleum companies transporting 95% of the traffic on | 


4 ang ‘There is no way for the writers to check any of the alleged “‘savings,” in cents 
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a analysis 3 the writers s will have to be content to use the “line-haul costs of 2 and | se 

i 3 mills per  ton-mile f for principal coal movements, and about 3 mills per ton-- 

mile for steel.” Although the so-called “terminal differentials” generally used 

eal by the author are stated at the end | of the paper, it is ‘difficult to ) make use of a 3 a 

= “In discussing Table 4, the author admits the overwhelming lebertanne of a Soe 3 

lley the four products, coal, steel, petroleum, and ‘sand and gravel. | 

the ‘Under the heading, ‘ ‘Net Savings,” the author states that the costs on a | 

a each of the more commonly used routes for each h important commodity WE ee 4 i 

the determined by multiplying the ton- mileage ‘moved by the average cost per ar 

vith -mile as estimated | (for water- borne ie freight), adding the terminal | differential 

nate between rail and water transfers (except petroleum), and also adding: the actual ee: * 
rate for rail haul where the » commodity was hauled either to the river, fromthe ay a 

and 

an river, Or both; these costs were deducted from. the comparative ‘rail rates, and Pe joe a 

the gross savings and from this value the savings per were 

Solely for purpose e of discussion, the writers accept the Government 

lity costs, in mills per ton- mile (1934), of 5.6 as stated. _ This i is a water ton- “mile 

ion cost to the Government. . Iti is conservative to state that, due to the meandering ~ 

Pi of f the inland rivers, ‘the water distance, except for ‘Tailways” that follow the 

= tn thee ia 

‘meandering river, is on the average at least 50% longer than the short- “rail 

ving distance. is perhaps true that the average ‘movement by rail may be as 

al much as 10% (the former Federal Co-Ordinator computed it at 11%) longer a 

than the shortest route. Consequently, to obtain a fair comparison of water-— 

ae line costs (Government and boat operator) per ton-mile with rail revenues per 7 

inst ## ton-mile, the former must be. inflated 50% and the latter 10%, thus bringing i. i. 

ted. ff ‘In this connection, it should again be stated that sand and gravel, now and yeu "3 

the long before the the present improvements, is and was dredged from near-by | sand - a 

ion. bars and moves short distances to cities. no stretch of the imagination 

2 tan sand and gravel | secure a material benefit, if any at all, from the costly = 

river improvements and maintenance. It has been said, truthfully, that the 

edg- pools formed by the forty-nine dams in the Ohio River submerge and otherwise 

fact destroy (by failure to create) sand-bars from which the sand and gravel eo up 

100g dredged ; and yet, the cost of the river improvements and maintenance is — ee "a 

= spread over all traffic, including this heavy tonnage of sand and gravel. Bie : . 

‘shows that of the “total of 13 018 335 000 ton-miles in 1934, 1026 849000 

and ton-miles were represented by, sand and gravel. Itis likewise doubtful whether 

ane the improvements and maintenance were of any value to the log and lumber — 

$s of traffic, the ton-miles of which in 1934 were 64 516 000. _ Sand, gravel, logs, and Te _ 

ade, ; lumber represented m more than 8% of the total ton-miles. If eliminated, and ee 

the if the Government cost were allocated to the traffic that benefits therefrom, Le a 


average Government cost be in excess of 5. 6 ‘mills 


Ons | 

| 

ome 

a. _ Although it is stated that the average Ohio River haul is 119 miles, clearl; ——- = 

mr B this is depressed because of the influence of the short-haul sand and grave oe a a 

‘Naffie, In any event, it is not a very important factor in this analysis. ™ 


4 s over r the Ohio River waterway, together with samantha: revenues in 1934, actual 
and as inflated 10% to make them fairly comparable with absolute short. -rail 


‘TABLE ‘8.—Revenves ror Ram 


AUL FoR 1934 ost 


Rate, 
Mirus PER 
Ton-Miz 


¢ and Ohio. . 


Norfolk and Western... 62 28 


9.00 
Government........ 
10.06 Water operator 


Total (water cost, 2¢). . 


_ Each ¢ of these ‘carriers: a of same bulk com-— 


Baltimore | and Ohio Railroad awe were e prosperous, or ae 50. No one can 
eny that for comparative purposes a selection 
the relative true ¢ 


=> 


Ignoring any of excess terminal costs of yaterway over rail, 


‘ nail the exemption of water transportation from taxes, and merely using - the 
_ average of 5.6 mills per water ton- mile, Government cost (also | as inflated 50% 

- to reflect an - equivalent rail ton-mile) and water operator costs of both 2 and 3 
_ ets (see heading, ‘Carrier Costs of Water-Borne Freight”) per water ton- mile 


(also as inflated), the values shown in Table 9 result. 


oe it will be observed that these partial waterway costs" are greatly in excess 
of any of the foregoing rail lines. — If average ton- mile co costs are e to be used for 
water transportation then it is eminently fair to use average ton-mile revenues” 
“for the railways; in fact, their: use is decidedly : favorable the w aterway. 


1 shows a of coal Ci incinnati. 


a 


“Most the ‘coal point just west of here it is 
~ unloaded, , moved up an incline through a tipple and dumped into rail cars for 
‘movement to “gr in and about Cincinnati and points beyond. Iti is obvious 


_ Huntington and Cincinnati is 8 imply 8 


— bo 
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95 86 | 129 “onl 
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— and Ohio runs parallel to the Ohio River between these salehn 
‘both the river and the railroad are about 160 miles long. Movement via barge 
‘necessitates two intermediate terminal services which are avoided on all-rail 


“ta Computing the barge movement at 2 mills per ton- itis a low estimate (see 
‘ author’s | discussion of Table 3), and loading : at Huntington at 5 cts per ton, 
“unloading y at Cincinnati at 15 cts per ton (see ‘Terminal Differentials’ he: plus 
“the Government cost of 5.6 mills per ton-mile, the total cost for 160 miles x 
The average ton-mile revenue of the Chesapeake and Ohio Railroad i. 

(1934 was 5.96 mills. This includes all terminal expenses. This railroad had ae E 
an average haul in 1934 of 284 miles. _ Although the substitute haul, in this 
i case, is less, no additional origin terminal es expense would have been necessary = 
Bs handled through by the road, ‘and the same would have been true if the coal — pa 
had been consigned to points beyond Cincinnati. The average of 5. .96 is con- 
servative. It produces 95 cts per ton for the rail haul from Huntington 
: Cincinnati, as contrasted with a total cost of $1. 42 per ton for the ‘substitute | ae 
i river service. Manifestly, ¢ a movement via river is profitable to the transporter. ee 
ri only because the taxpayers through the Federal Government contribute 90 cts” 


R§ It is probable that the alleged savings as determined by the author “ 4) ae oe 
would not stand the test if it were possible to: check } his computations. In this ne Pf 
connection note Table 6 and the author’s discussion of Table 6. _ What he edocs 
here is to assume movements from Cincin 
(note this carefully) of: 


thousands of ment, in millions 


Cement. . 
Iron and 


7 ‘Het then proceeds to determine the rail costs to a Dito vs per water ton- mile 

byt using the local rail rates from Cincinnati to Louisville as CO contrasted with 

an assumed water cost p per water ton- mile. A local rail movement of coal from > 

Cincinnati to Louisville i is almost impossible. _ No coal originates there and the a 
Tail rate used is virtually meaningless. The fictitious rail ‘movement used — 
--Tepresents s nearly 50% of the total ton- miles used in the comparison, and greatly ; . 
“affects the | showing. There is little likelihood of any appreciable movement of 
— cement or iron and steel either by rail or by water locally, from Cincinnati to 

Louisville, The entire comparison partakes of the nature of dataina 

- direction favorable to the project and to produce | a desired result. — ae me 
By the method used, the author i is able to ‘produce an average cost to 
the shipper on the aforementioned traffic from Cincinnati to Louisville of 21.3 ta 

ills. nl water ton-mile as contrasted with | aw water cost of 14. 9 mills per w 
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Pl = the : average ton-mile earnings s of the Louisville and Nashville Railroad Os 


_ and the Baltimore and Ohio Railroad Company (also operating between Cin. 
cinnati and Louisville) were only 8.18 and 9.46 mills, respectively. 
Under the heading, “Non-Statistical Considerations,” the author apparently 
he i attaches much value “to the regulating effect of an ‘improved waterway on the 
= rates charged by other carriers. he This can n only be predicated on an Interstate 
_ Commerce Commission so impotent ¢ as to permit rail carriers | to maintain rates 
higher than are just and reasonable. Although it is true that, in 1 many ‘cases, 
water competition has depressed t the rates of the rail | lines, it must not be over- 


looked that: An efficient railway system serves the entire country; it. serves 
“points « on the rivers as well as in the interior; it must have operating revenues 
- sufficient to pay all expenses, taxes, and a veemoantils return on investment; the 
people as a whole must of necessity support the railway plant by paying aie! 
that will produce sufficient revenues in the aggregate; and that were it not for 
i: the necessity of reducing some rail rates to meet subsidized water competition 
which benefits a relatively small | part of the general public, the transportation 
burden 1 might be n more equitably | distributed. writers cannot agree that 
the so-called “regulating effect of an improved waterway” furnishes any 
economic justification for the huge expenditures of the taxpayers on waterw ays. 
No Government function, on one hand, should assume that another Govern 


Be If the author had chosen to balance alleged benefits of this —s | 

4 disadvantages, he might have mentioned the facts that: The 49 dams have 
created a series of 49 pools, or lakes, averaging 20 miles in length; in periods of 

_ slack-water the current is almost negligible; the sewage dumped in the river” 


at the numerous oan cities has m nade the Ohio almost an open sewer, with a 
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_ By Messrs. WARREN E. WILSON, AND HAROLD K. PALMER 


Ww ARREN E. Jun. Am. Soc. C. E. (by letter). interesting 
application of graphical methods to the solution of problems : encountered in the 
~ design of water distribution sy ystems, is presented i in this paper. . Iti is claimed - 
for the method that in certain cases better progress can be made than with — 
{ mathematical methods or by trial anderror. It is not entirely clear which cases _ 
arein this category. Since the purpose of the graphical solution is avowedly to 
b obtain a practical result in a short time it should be on the basis of this as” 
that it be compared with other methods, Great accuracy is not required; nor = 
can it be expected, since the basic assumptions one makes are necessarily merely 
_ approximations. 2 Hence, any of the methods may be expected to give results” 
appears that the preliminary p process through which one must go, 
‘that of plotting curves to suitable scales, necessarily consumes ¢ considerable 
time. In addition, must a adjust number of curves to the proper positions 
al he desired results. _ This adjustment is doubtless made with gre 
speed as one gains experience in the method, but must nevertheless take con: 
time. The fact that considerable experience is required to use 


graphical method to advantage then appears to be an undesirable feature of the + ey, 


ov 


- method since it is possible to teach the Cross method to a group of students an 
develop in them sufficient skill to handle complex networks in a period of not 
= rere a week. ‘It would be difficult to dey velop the same proficiency in the 
_ From the standpoint of the © 
engineer the need an designer in the manipulation — 

} = such a method is a disadvantage since the work could be delegated to an 

j - inexperienced person after giving him just sufficient instruction to enable him to hs 

3 handle the method of successive approximations as a routine set of calculations. eh 


re Norr.—The paper by Ellwood H. Aldrich, M. Am. Soe. C. E., was published in Oc- 2y 
tober, 1937, Proceedings. Discussion on this paper in Proceedings, as fol- 
lows: January, 1938, by Messrs. Lynn Perry, Charles M. Mower, Jr., and Thomas R. es 
= February, 1938, by Messrs. Harold E. "Babbitt, and C. Maxwell 


wi Asst. Prof. of Civ. Eng., South Dakota State School S Mines, Rapid | City, S. Da 
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riter’ 8 belief that P one fully w vith the fund 


he e can solve e even ‘the ‘most complicated ‘network problems i in a 
short time. — There can be no question that the preliminary preparation re- 


ee in the Cross method is far less than that required for the graphical 
+vi method, since it involves only the erie of a constant for each section of 


in which the graphical method is believed to be si superior Cross 


Harow PALMER, 19 M S00. ©. E E . (by letter). m method of 
handling complex problems i in water supply  deldens, which is presented i in this 
paper, well merits the careful study of all who have similar problems to solve, 
i) and the author deserves ; praise for the ingenious manner in which he has solved 
~ some of the worst of them. The writer has used the same method in handling 
pumping problems, which the author mentions, for several years and has found — 
it a very convenient. tool. The following comments are offered to supplement 
~ the author’ s handling of the subject and to emphasize the fact that it is a 


eS method which can be used for many purposes, , depending largely upon the > in 


Feet per 1000 Ft 
Friction 


Loss of Head, in Fe 


One fact that should be especially emphasized is that is nothing | 
ue -seure or complex about ut it. Instead ¢ of. trying to solve algebraic formulas of the 
second or higher degree by computation the designer simply plots the curves, 
es: combines these curves, an and the intersections give the solution d desired. i: Thus, 
> the solution of the problem i is no more difficult than the drawing of the curves. 


e It is only necessary to ) keep ir in mind th the factors that produce loss of pressure a and 


of Pipe, Due t 


tos apply them in the right ‘places by simple ‘methods. ‘The principal way in 

4 which it differs from the ordinary computation is that the latter is performed 

for r one pressure or one value of Q, and if the result i is not correct another ap- 

proximation must be made. In the author’s method all values of pressure and 

Q within certain limits are considered and the solution i is given at ner by the 


eat Fig. 1 was prepared probably from t the ‘Williams-Hazen tables, which is is also 
i: writer’s ‘method of making similar drawings, but these tables give e only 
standard cast- -iron pipe sizes, and ott other sizes must be interpolated. 7 ‘This can 
be done 1 very easily by the following 1 method, which is applicable to any simila r 


exponential. formula. ‘Fig. 15 is a simplification of Fig. 1 showing only a few 


of the lines to avoid confusion, and yet show the method. — Marking the inter- 
sections of the line for 20-in. pipe with the 20 ordinate, the 30-i -in. pipe line with is 
the 30 ordinate and the (60-in. pipe line with the 60 ordinate, it will be noted 


* Bulletin No. 286, , Eng. Experiment Station, Univ. of Illinois, Urbana, Ill. ; 4 
Chf. Draftsman, Los Angeles County Sanitation Dists., Los Angeles, Calif. 
Receiv ed by the Secretary January 81, 
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by any one mathematically inclined, but it is not required in this ileal it is 
easier to 0 draw lines for two or three sizes of pipe and j Joi n the proper intersec- 


size of p pipe it is necessary to note the of the interpolating 
line with an ordinate corresponding to the diameter required, and draw through _ 

this intersection a line parallel to the other pipe curves. Thus, any size 

- pipe can be interpolated without difficulty a and i in much less 1 time than it takes 

to find the values in a table and plot them. Furthermore, 2 a graph for race ‘ 
sizes could be computed from the data for English sizes. 

SS Several manufacturers of centrifugal pumps 2 are ‘wine a method similar to ae 
that of the author to show the behavior of pumps on a given pipe system. In 

this case, it is more convenient to consider the system curve for the pipe as a 
static lift, plus friction, giving a curve in the ‘upper right- hand quadrant w hich — 
‘is concave upward. = ordinary head- -capacity curve for the pump is then : 
on it. This latter is concave downward so the two intersect at a 


~~ a 


Due to Friction 


7 
a 
£ 
= 


Of Pipe, 


4 5678910 


7 

Ratio: of Flow, int Millions of Gallons | Daily in Gallons per Minute 

Fra, 16 


} 


it be n necessary to start sens oA pump p its curve is plotted i in the same er Ls 


and the two are combined by adding the respective abscissas for common ordi- a 
“nates, and the intersection of this curve with the system curve shows the 
q ‘quantity the two will handle, which, incidentally, is less than the sum of the 
bro individual capacities when running alone. In Fig. 16, SS i is the system 
- curve; AA the curve for Pump No. 1; arid BB for Pump No. 2. Points a and b 
tn what each pump will do alone; CC is the curve for both pumps; an Sea 
Point ¢ gives the quantity ‘of flow that the two will handle. 
If the pumps are discharging into the bottom of a tall stand- pipe in which — 
there is considerable fluctuation in the height to be pumped, it is advisable to 
another curve for the stand-pipe f full, such as Curve S’ Fig. 16, in which 
the height, SS’, is the increased depth. — Points a’, b’ , and ¢ c’ now ‘show. what the 
. 7 Should the system consist of two or more pipes in parallel they « can be added * 
a to th the diagram in a similar manner and the saving in head, and increase a 
of the pumps, isshownatonce. 
The foregoing ‘method serves : very well where the pumps are close together 
and the individual suction losses a are ‘small in with the 
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oN TRANSMISSION PROBLEMS A WATER ‘SYSTEM 
head. It is ‘that if two 1 000-gpm pu 
_ friction back of the junction of the two is no more for both pumps running than 
‘iti is for only one. In fact, ‘it is rather less because each alone n might pump 1 100 


For a ‘comprehensive case consider two well p pumps, and Fig 
17(a), separated several hundred feet, both feeding into the suction of a booster 


PROFILE OF PIPE LINE 
, 17.— Loss “Heap, IN THOUSAND or PIPE, Dvr 


way to offer some ‘appreciable pipe friction, and subject to | an increase in 
depth | with its equivalent increased pumping lift; ; also let the s standing water 
3 a surface i in the two w wells be at the same elevation but with different draw-down 
; characteristics for each. 3 To avoid too many y overlapping lines in Fig. 17(b) 
“the two 1 well pumps are shown i in different quadrants. _ The | distance from t the 
static water surface to the suction of the booster pump, C,is O00’. As water in 
Well A draws d down, this lift increases along the line, O’w’. The suction losses 
friction t« Pump C for Pump A are by Curve ( and the total 
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responding ¢ curve for the two running in parallel. Curves SS and S'S’ repre- 
sent the ‘system ¢ curves for the stand-pipe empty and full, respectively, and CC 
js the head- -capacity curve for Pump C. Adding (vertically, since the two are 

now in in series) Curves a- a-ab and CC give | Curve C’ r. the combination curve for se 

all pumps, intersecting the system curves at Points ce and cs, which represent, 
- the quantities pumped when the stand-pipe is empty and full. Lines drawn 

vertically. from these points to Curve a—ab, and then horizontally to Curves ab a 
- and aa with vertical lines from these intersections to Curves AA and AB, show ha 
at Points A, and A3;, and at Points B, and B; how much each is 
handling, and if it is working at its best efficiency. pa 
‘The t theory on which this method of attack i is based i is that mers pump s adds 

4 ow will 

be done if so desired. 


pre pressure e to the water, , which pressure i is reduced at a any y point along the pipe by 
each pump at the junction ‘point where it is obvious that both must be exerting 
‘sponding to this net 1 pressure. Since there was only one booster pump and no 
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e lift and losses for Pump A are shown by 0’ a Arc AA is the head- -eapacity ¢ curve 

n a for this pump, and subtracting (vertically) 0 t’ from Curve. AA gives 2s Curve aa 

0 which represents the elevation at which Pump A will deliver various quantities 

; of water to Pump C. A similar system is shown for Pump B in the right-hand | 

3 quadrant, ab representing the elevation at which Pump B delivers water to sa 
t = C. _ Adding aa and ab horizontally gives ‘Curve a—ab which is the cor- ae 


Bie 


Lae 


the static lift plus the friction. These respective losses are charged against 
the same net pressure, and the combined fi flow will l be the sum of ‘the flows c corre- a 
complications i it was not necessary to use the same method on bas sitictlaaN it . 
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WILLEM Ruvours,* M. M. ‘Soc. C. E., AND” A. HEUKELEKIAN, Esa. (by 


eter) 1%_The attempt to make use of the observed phenomenon of automatic 
segregation of solids during digestion by withdrawing particles" of digested 
r ‘sludge from the bottom and allowing the more active mass to remain longer 
: 7 the tanks is of unusual interest. It is well known that a portion of properly 
seeded fresh solids is rapidly decomposed, another portion will sink to the 
a bottom of a. tank, and still another part of the fresh solids (including fatty 
; material, hair, match sticks, soap, etc.) remains floating for a considerable 
while undergoing decomposition. Withdrawal of the material segregated 
: the bottom ‘causes a gradual i | inerease in the quantity, a , and frequently in the 
density, of. the floating mass. This inherent behavior of the sludge is well 
ae ye oni by the authors in Fig. 4. _ Inability of the scum to move with the 
separated sludge to the ‘next tank results in scum formation and this material 
: 
- may stay in the primary, secondary, or even . tertiary tank for a long time, 
while the inorganic” and partly digested solids pass” on. This. method of 
segregation i is undoubtedly theoretically correct, because it permits the material 
‘most difficult to digest to remain longest in the tanks. . On the other hand, j 


% ‘the method results automatically i in increasing quantities of | scum in the first 
tanks, 1 unless the ‘digestion time allowed is ar ample to take care of the accumu- 
a oe lating 1 mass, OF distribution of sludge; that is, unless so-cailed sludge cir circulation 
the « digestion time is insufficient the mass of scum eventually 
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becomes so large that ‘the capacity of the tanks is re and 
‘scum must be taken care of by other means. . The ‘results s graphically ‘shown 


‘in ‘Fig. 4s seem ‘to indicate that after twenty- five mor months of operation the | 
capacities of Tanks 1, 2, and 3 had been reduced (on account of scum formation) 


by 25 to 30 per "cent. _ The tanks wi were emptied a and cleaned, and it would a ‘4 
‘of interest to know what was done with this scum, which apparently — oP. 


— Of considerable interest is the fact that the average solids content of ‘the 


- sludge ‘pumped to the digesters was AT per cent. The sludge mixtures 


- consisted of 33% of primary and 67% of activated sludge by volume. — This a 


ather high solids concentration may | be a contributory factor for the short 


"digestion period in the digesters. In considering the short digestion period of 


10.3 to 13.5 days, the open pits, se serving as balancing reservoir, storage tank, 


secondary digestion unit, are of importance. The scum formation, 


occasional foaming, and density of the subnatant and supernatant 


indicate that the digesters were pushed to the limit and occasionally, petit, 
beyond the limit. The foaming probably ‘caused by the combination of ‘using 


the 1 units, is perhaps the best indication of over- loading, together with the fact 
that supernatant liquor removal was promoted in the pits after storage. oe 
= The fact that good digestion results were obtained during the short digestion a 
period in the tanks, followed by after-digestion in the pits, is practical — 
interest, but i is not surprising. Similar results have been obtained elsewhere 
in the laboratory, in pilot plant trials, and in full-scale plant operation. . Wher here 

no after-digestion facilities were available, sooner or later the difficulty v was to 

produce persistently a rapidly draining, digested sludge. Ine a large’ part a ue 

‘the country open- air drying | of sludge, which 1 retains its tenaciously, 


is limited to summer or to warm, dry s seasons. sons. The importance of secondary 


under discussion. The 1e over-all results obtained in the tanks, a reduction of 
46 to 47% of volatile matter, indicate satisfactory digestion. This fact, — a 4 
together w ith the separation of water the storage pits, seems to leave no 


i doubt that the process utilized was successful as far as volatile matter reduction ; Ss 


Actively digesting masses of do not show temperature stratifications. 


Th he mass is in constant movement and, as has been stated previously, fresh — a 


; and actively digesting solids entrain gases more readily than old or r digested — 4 


F: solids, |The. proportion of solids carried up by entrained gas depends, there- _ 
fore, on n the relative quantities of fresh solids. In an 1 actively digesting ‘mas 
of sludge t the solid particles are in constant motion, either up or down, de- 
pending upon whether or n not they carry entrained on, sO that the liquid and an 4 
its Contents are in a state of dynamic equilibrium. ee ‘Since the sludge masses — 

in the tanks were constantly stirred by the g gas: formation and the flow ot Se 


from to tank, only little, if ‘any, temperature stratification would 


the storage of the 
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and considerable quantities of ripe ‘sludge retained, temperature 


‘stratification i is likely to be encountered. 
‘The data submitted on heat transfer, although limited, are o of interest. 


|The difference 0 of 500 000 Btu between the heat applied and the heat required 


"Without having detailed results it is difficult. to state how much : 


¥ 
can be accounted for by experimental error. Unfortunately, no 
available for possible radiation losses. The information on this 


we phase of | the problem is scarce, but seems to indicate that the difference in 
ae free-heat content of the raw and digested sludge and its subtraction from the 
: 


ee total heat input, could be accounted for by radiation losses. ae eee 
general statement of the authors, that the 25% sludge wasted 


drying characteristics from the 75% of ‘sludge pumped from the pits, does not 
‘show what the cause was of the. “rather erratic results, indicating considerable 
Peat ‘variation in drainability of sludge f from time to time.” mie In general, the 4.5% 
lost about one- -half its moisture in 48 with 


-digested sludge (52% loses as much as 85% of 
BF te total moisture (at 74° F) by drainage, and the remainder i is lost by evaporation, 
increasing temperatures, « evaporation | increases. The drainage from 


=. oa incompletely, digested solids is much less and slower. Even when 80% of the 
possible production has evolved, drainability is comparatively slow, 
3 _ amounting to from 40 to 507% of the total moisture content in 24 hr ae a 
eg ‘Nitrogen balances made | some years ago” showed that there was no re- 
ie in the total nitrogen content during | digestion of sewage solids. On 
on - the basis of original solids the - percentage of nitrogen increases in the digested 
sludge on account of the decomposition and loss of other materials into gases. 


‘The authors reach the conclusion. that “the matter 


i state, this does not me mean that the nitrogen in 1 the raw w sludge pm not , undergo 

0 73 transformation, converting the insoluble nitrogen into soluble forms. ~ During 

: digestion, active hydrolysis of nitrogenous materials in the sludge takes place, 
ae ae resulting in an increase in ammonia, amino acids, and other soluble forms of 
ge nitrogen. T he possibility of liberation of nitrogen gas from organic matter 


under anaerobic conditions does not seem Nitrates, if would 


under anaerobic conditions neither nitrates nor nitrites could be 


The loss of nitrogen fi from digesting tanks ‘really ‘occurs by ‘the discharge of 
‘supernatant liquor, containing the various solu ble nitrogen: compounds. A 
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‘more nitrogen because a large part of the soluble po is transformed into ‘e 
protoplasmic nitrogenous substances, but the loss of total organic matter is 
less. the soluble nitrogenous | substances are retained in digested sludge, 


nitrogen content should not only be higher on the basis of solids, but 


. the usual qua 


Short digestion periods interest and may be 
vith modifications in environmental conditions. With the present state of 
knowledge the _most important environmental factor for properly seeded 
sludge is is temperature. When the temperature is raised high enough to obtain 
thermophilic the time ‘required is “materially re duced, but the 
principal disadvantage is that the sludge digested i in a period of a few days 7 
does not de-water as ‘rapidly as as well- digested mesophyllic sludge. Results 
obtained on a system consisting of consecutive digestion : at high — 
(130°: F) for | a few days, the digestion at low temperatures (80 to 85° F) for — es 
the destruction of remaining finely divided material and compacting of sludge, i 
indicate that this is a practical and economical plan. — Such a method must 
include adequate stirring mechanisms to obtain consistently good results. 
In a system of multi- digestion units, the basic principles of decomposition are 
not different from s single-stage, two- -stage, or consecutive digestion. It becomes 
‘mainly a question of ecorfomics of construction and operation, therefore, to a 
determine which system should be chosen. pe The fact that the authors have. a a 
shown that short- time > digestion periods can t be obtained with a multi-stage — 


digestion unit, which does require 


“work in the bio-chemical and rections 
involved in the digestion of sewage sludge. The idea of “stages, ‘especially, 
is 8 basically appealing as it is” obvious that the more complicated a process 
is the more easily it may | be ‘simplified. by sub- dividing it into convenient 

Working s stages, planned s so as to favor the particular factor or ‘factors segregated _ © 
' each stage. In planning such stages, the designer | should avoid the tempta- — 
~ tion of sub- -dividing the process into more parts than may be justified economi- 

cally, in order that the advantages of the may not be over- 
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in are known and in operation by which at least part of nitrogen id 

he can be held in the digested sludge. 
The outstanding contribution of the work presented by the authors 
that with proper operation an apparent digestion schedule of fifteen days can 
be maintained at a temperature of 85° F, utilizing a system of multi-stage 
ot for the gradual and partial destruction of organic solids, producing 
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0 or by excess construction costs o1 or unreasonably high 


ag cost. 7 This kind of f foresight i is amply evident i in the authors ’ description of the 
treatment plant. constructed for the Los Angeles County Sanitation District. 


y - Although two-stage sludge digestion plants using a separate tank construction — 


Se - for each stage are in common use, the authors’ description of a four-stage diges- 
tion system is remarkable not only” because of the multiple | stages, but also 


because, in solving the construction problem, the designers have avoided. 
eS. i — digesters for each stage, by confining the four stages to one structure. ie | 


be given In the present why v were there 
instead of three, or five, or eight stages? It seems impossible, theoretically, 
a predict the number of stages that would be most advantageous and, therefore, 4 
one must be content, to trust judgment from the results obtained after 


data presented in Table 5 5 afford. an opportunity to the extent 
which the Los Angeles plant has fulfilled expectations. - Placing the total gas 
production (see last column of Table 17) as 100% of the “technical digestion 
———- yange’’ (that is, omitting from consideration, the potential ‘surplus of gas pro- 
} ee duction listed in Table 6), the percentage of gas production by stages will be ag 
pay 4 shown i in Table 17. Thus, the proportion of gas production (that i is, the diges- 


wi} 


1 | Stage 2 Stage 3 | Stage 4* Stages 


=" 
Thousands of cubic feet | 59.3 50.4 | 45.4 280.0 


* The tanks i 4 were only partly filled; the 5 were computed as for full 


the: capacities of the four compartments are equal, whewes Table 17 indicates 
Be _ that the output is not equal (it is less in each stage), the base sub-division in the 
“over-all tank apparently i is not consonant with the relative efficiency of the four 
stages. . Whereas, the sub- divisions we ere” made equal capacity, Table 
ny indicates that » Telatively, they should have been in the | proportion of 


_— the reverse order, , with the fourth stage assumed equal to 1, the relative sub- 


; Pe came mg is due to tl to the fact that, i in the first period, the sludge « decomposes j 


aking 


: 2.1 : 2.48 : 2.8, with the capacity of the first stage assumed equal to 


have been 0.36 : 0.75 : 0.89 : 1. dimension of each 


for increasing the dimensions of the in a 
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Marc BACH ON SEWAGE SLUDGE DIGESTION 


ig after w hich subsequent digestion is at a comparatively s rate tapering to 
1e point beyond which it ceases to be w within the “technical digestion range” (a a 
t. “term proposed by Dr. Karl Imhoff). As far as p these peculiarities of 
S- 
30 
od 
e. 
nit 
T- 
ae On the other hand, however, the more stages that are provided, the greater the 
On re stag pr gr 
Wy opportunity y will be for the plant to profit by the ‘ ‘gravimetric seeregation” 
ur : which is an exceedingly valuable feature of the gretees 4 described in the paper. 
to # Indeed, this action may be, to a large extent, the explanation for the astonish- — we 
e, ingly short time period to prepare the sludge for the drying bed. 


he Table 6 indicates that the sludge leaving 1 the last digestion compartment i 


ne still capable. of producing about 80% more gas s if the digestion i is extended to ae 
to approximately t twice that of the preceding four stages. It is to be regretted 
as f that this volume of ga gas is lost, w which also raises per as to whether the 
mn ‘sludge h has actually been digested sufficiently if it still contains some organic 


- substance capable of such gas production. On the other hand, ga gas 

as is not the ‘principal purpose of sludge digestion, the gas being only a by- product. 

S- The principal purpose, really, i is to convert the sludge into a form that can be — ay 

madly disposed of without \ creating a nuisance. . As this objective seems to 


have been attained satisfactorily i in a brief time at the Los Angeles plant, tthe a 


were probably not justified in providing for an extension of the 
process merely to produce gas. Furthermore, there w ould be the potential 
mt danger that prolonged digestion would make th 1e sludge too thick to handle in a 


Scum Accumulation.- —Scum is formed by fat particles” which, of 4 


F low specific weight, rise to the surface, carrying other particles with them 
T 


he percentage of fat and oil in raw s sewage depends on local conditions such a as 

the characteristic food consumed, the presence of industrial plants, automotive ; 

- traffic, ete. The percentage of fatty material may vary greatly from | plant to 

plant and within the same plant, from season to season. ‘The intensity ¢ of scum 

formation it in the sludge ge digestion tanks may vary y accordingly. _ The so- -called — 

- tnineral 1 oils, such as lubricating oil and grease, gasoline, etc., are highly 1 resistant 


to bacterial decomposition. | _ Nevertheless, the various fats of animal and plant ot 
- origin, including the fat contained in greases, are very susceptible to anerobic 
. decomposition, being an important source of sludge gas production as shown in 
Table 12. — To produce and maintain such an anaerobic bacterial action, two. ote 
conditions are necessary: Sufficient moisture and isolation from the atmos- 
t phere. In digestion tanks of the usual construction, including the Los Angeles: = 


Plant described i in this paper, two conditions ar are not fulfilled 


= 


“moisture. § Such water content makes the unrestrained action 
of bacteria n more or less difficult. In addition, the scum is freely exposed to to 
“air. ” Although, case, the “air” 
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ON SEWAGE SLUDGE DIGESTION 

lating awe on is s sludge gas, which is highly unfav orable ‘to bacterial — 
action because it is made up of products of bacterial metabolism. eae = a 
aes order to accelerate the digestion | of fatty substances which form scum, 
__ layers, means should be provided for moistening the scum throughout its 
no total mass, and preventing its contact with circulating atmosphere or with © 
sludge gas. An improvement in the process: of the could be 


' he and the sand bed, thus making it post 

bed by gravity. Pumping | releases the g: gas from sludge, thus | raising ‘its: 

_ Specific gravity. | ‘The 1 result is that the particles” drop quickly to the sand, 
logging it against the supernatant. This unfavorable condition may be 

_ Temedied | by retaining the pumped sludge in the elevated tank fc for an additional | 
‘digestion period of a half day or so. _ When the sludge has regained some gas 
content and is then discharged on the sand bed, the sludge will drain better 
as its particles will show a tendency to remain on top while the free w ater 
ae The writer was especially interested i in n Table 9 e 9 which « “contains some very 
“9 instructive data, the form in which phosphorous occurred is 3 peculiar ‘indeed, 
= Some years ago, the 1 writer observed a surprisingly high phosphate content in 
the scale deposited on on heating coils in a separate sludge digestion tank operated 

whole at ‘mesophilic temperatures. In investigating this str strange case, he 
ae concluded that the thermophilic bacteria thriving i in the immediate vicinity 
aon of the heated ¢ coils absorb phosphorous compounds to a higher degree than do 


ae the mesophilics i in the remaining part of the digestion tank. _ After the thermo- 
ie philic bacteria on the surfaces of the coils had died, there remained a residue 
ie es accumulating slowly and being converted to mineral phosphates. ~ It would be 

rs interesting to know whether a similar condition occurs in the scale deposited on 
the heating coils of the plant described by the authors. 


fe e 1674, following sixteenth line from the 


24 Corrections for Transactions: On p page 
bottom, insert the paragraph: “Referring to Fig. 2, manways, gas collection, 
_re-circulation and heating lines, s sampling and thermometer wells are common 
to each tank; lifts are common to Tanks Nos. 1, 2, and 3; and raw and seed 

ludge lines go to Tank No. 1 only” ; ; change the title of Table 2 to read “Compo- 
te sition of ‘Sludge by Stages’; on page 1 1679, Line 9, delete “and ‘Table? 2”; ‘in Table 
| Column (2), change the heading to read “Detention, in 1 days’ > on page 1684, 
Line 12, change ‘ “head” to “heat”; in ‘Table 9, Column (1), transpose Sager 
80? » and “Phosphate, PO,”; on page 1688, Line 9, change “September” t 
“October” in Table 12, Column (1), change “‘Phosphine to “Phosphate 
;  (P.Os)’ ’; in Table 14, the heading for Columns (4) and (5) i is “Ether Soluble 
_ Matter”; ; and, in n Table 15 (6), Column (19), the value 11.6 is the average, and 
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LABORATORY INVESTIGATION | OF FLUME 


P 


Br HANS. KRAMER, ML AM, 80. 


Hans KRAMER, % M. Am. Soc. C. E. (by letter) **¢_—This paper, based on 
flume experimentation and correlation of data from the observations of pre- 
vious investigators, adds : another valuable chapter to the field of knowledge ¢ 
“regarding the complex phenomena of sand movement. Because of its intimate 
relation with, and frequent reference e to, the writer 's previous work*? ‘the 
same field, this discussion will be confined to Part I of Mr. . Chang’ 8 paper, which | 
treats the subject of “‘Flume Traction. 2 < 4 a 
t a The author made use of a horizontal flume perv instead of one inclined to the 
same e slope a as the water surface because the necessity for the latter arrangement — 
considered doubtful. 1. However, from a ‘mathematical analysis of his 
“observed data, Mr. ‘Chang concludes “that the tractive force needed to move 
débris ona sloping bed parallel to the water § surface is only one- -half that needed is in 
on a horizontal bed. The hypothesis ‘and conclusion appear irreconcilable. 
Professor Hubert Engels, the pioneer and dean among investigators in this — 3 -_ 
special field, emphasized** the importance of ‘uniform flow and the interrela- Ries, 


tion between bed slope and water-surface this 


beclouded unnecessarily by the introduetion—or lack of elimination 


= A similar comment is ‘applicable: to the uniformity modulus, M. ine 


author states that the uniformity modulus of samples used in his 


was not determined but, nevertheless, concludes—again by mathematical 
manipulation— —“that the uniformity ‘modulus, , M, has practically nothing to 


| Note.—The paper by Y. L. Chang, Esq., was published in November, 1937, Proceedings. 
This discussion is printed in Proceedings in order that the views expressed may be brought 
before all members for further discussion of the paper. Ps 
Corps of Engr., U. S. Army; Engr., U. S. Engr. “Office, ( onchas Dam, 
Received by the Secretary January 31, 1938. _ 
_ “Sand Mixtures and Sand Movement in Fluvial Models,” by Hans Trans- 
Versuche tiber den Reibungswiderstand swihehen und 
by Engels, Zeitschrift Sir Bauwesen, 
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h as Mr, 


Chang’s “experimentation ‘parposely | grain size | 
_ (M = 1), whereas natural sand mixtures vary greatly in their gradation—and 
in M—it would appear that his extrapolated conclusion as to the effect of a 
uniformity modulus is beyond the limit of his own observations. = | 
The painstaking 1g determination of the mechanical properties s of test samples, J 
including _ microscopic measurements, deserves” ‘commendation. ‘It is re 
— ey however, that the determination of grain size by the standard metho fl 
of sieve analysis was not included. It is believed that the grain size of sand 
ee by other investigators, as listed in Column (6), Table 5, is based on the | 
conventional sieve analysis curve. *, Inasmuch as standard s sieving procedure | 
results in larger apparent sizing than absolute physical measurement, Mr. 
size determinations are not directly ‘compatable with these tabelated 
Ir. Chang seed as a for ‘ “genera 


nent. ‘cursory review of writer’s data indicates that the 


magnitude of the critical tractive force based on his ‘ ‘general movemen ” is 
approximately 20% greater than that based on “medium movement.’ ” This 
variance in a basic definition, which forms a criterion for comparison of re- 
ults, would | appear to require » the application of a corrective factor in the 


Chang’ 8 experimentation treatise, while constituting 


; ver, it is believed that ultimate, solution to this" 
mathematical and -physical—will not be clearly and convincingly obtained 
; until the scientific viewpoint , and procedure of the experimental physicist are 
adopted. ‘The writer” As convinced | that further research to determine tl the 
which govern the 1 very y complex phenomena of : sand 
movement by traction and the fandsmentel relation between these variables 
vane seek simplification and idealization of the phenomena. _To this end, it is 
Suggested that future experimentation with artificial spherical or spheroidal 
-grains— —probably | of ‘glass—with colors, markings, etc., for statistical identifi 
cation may develop the simple fundamentals of flume traction without ‘the 
complicating influences of accidental at and uncontrollable variations inherent in 
the use of natural sand specimens. 


_ Corrections Delete ‘the for Figs. 12 and 18; insert 


Ss = 0. 000088)”; and, _ insert caption for Fig. 16: “Silt Distribution and Tot 


Suspended Load i in Stream 1 with Parabolic Velocity Distribution. a . sia 
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Founded November 5, 185200 


Cunton L. Bogert" J. M. M. 2 MEMBERS, Am. Soc. Cc. E. (by 
etter). The clever formulas derived in Professor Camp’s interesting ps paper 
exhibit to the writers the danger of carrying formulary regimentation into the 
realm of practical engineering. The writers question the economy of such 
formulas in office use. The formulas give a designer the exact diameter to fit a 
given set c of fixed conditions; but, unfortunately, conditions do not remain fixed wee 
and, more important, cast-iron pipes are not made in the fractional diameters 
called for t by the economical analysis, the designer being constrained to accept 


stock sizes which i increase in diameters by relatively large steps. a 


iy typical example, first solved by substituting i in the formulas, and nd again 

by the usual trial methods with a Williams-Hazen slide- rule, for a compoun 

Tine o of two sizes and carrying diminishing quantities, required 2 hr to derive 

economical sizes of 23.2 in. and 19.0 in., and less. 10 min 

slide-rule to arrive at stock sizes of 24 in. beg 


Moreover, several of the ‘ ‘constants” assumed Comers as non- 


CIVIL ENGINEERS 


CHARLES M. Mower, AND A. C. MICHAEL 


‘Variables in 1 the « differentiation, are re by no no means constant in the practical se sense: 


—@ He assumes the price of cast-iron pipe as constant; bids taken by the 


writers’ office in November were at least 30 cts per ft lower than they w ould oe 


2 e been if taken in August, , 1987, due - to | the drop in cast-iron pipe prices; fe 


(2) He assumes the quantity of water as a definite forecast, w hereas adverse 


eNom —tThe paper by Thomas R. Camp, M. Am. Soc. C. E., was published in sous a a 
1937, Proceedings. This discussion is printed in Proceedings in order that the _ Views” we 


expressed may be brought before all members for further discussion of ‘ 


Cons. Engr. (Sanborn & Bogert), New York, 
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MOWER ON ECONOMIC ‘PIPE SIZES Discussions 


- ments of the w ater initiated sis some future date may alter the values of C and 
_ the entire economic ‘ “picture” framed wah the | formula. . The writers grant that 


, but are less important as 


They would qualify the assumption (see “Introduetion”) that the cost of 
elevated storage will not be influenced by "changes i in pipe sizes. It would not 

good in all. cases. certain water company has 17 tanks and stand- -pipes 
| are oe and 41 wells spread over an area of 35 sq miles; some tanks are near wells and 
-. aes some distant. In this system the cost and allocation of' future storage is 


ioe fbp.t. ome influenced directly by the size and system . of mains between one or more tanks 


ind distribution | system design. | The author has shown this fact. clearly. The 


Men and the centers - anv and the « centers of dems demand » which are, of course, not 
CuarLes M. Mower, Jr., 13 M. As (by letter). often 
aa used “ economic velocity” is not the correct standard for attaining true | economy 


- economi¢ d diameter of a ‘pipe depends upon | both discharge and take- offs from 

system and upon unit costs of both pumping and pipes. In a system 

a e. with a pumped ‘supply, the t two sources of power loss are loss of head in the 
Pp 


ipes and _take- -offs at higher ‘pressures than are required; but in a gravity 


system, the head loss pipes costs nothing. The only losses which add to 


ae cost of the gravity system are take-offs at pressures higher than those 


where the excess is provided by pipes that: are than necessary. 


equipment and the operator’ s rages ina particular ‘system are fixed regard- 
4 less of | considerable fluctuation in head and discharge. _ Since power is the 

only part of total pumping cost that bears a direct. vihetioushio to head and 
* discharge, it | would seem more logical to omit all fixed d pumping | costs from the 
equation: just as the author omitted “unpredictable pipe costs, and the cost 
of hy ydrant installations which were not affected by pipe | sizes. However, i in 
a 8 practical problem, the result 1 is not greatly changed by the use of of power costs 


of tota. pumping cost, because ‘pumping cost: ecreases much more 


cost varies inversely as whereas the cost of pipe tying varies ox iret 
as D and the cost of pipe materials, as 


the same reason, the total: cost for a pipe one ‘size larger than the 


most economical size is much less than the e total cost for a a pipe one size smaller. 


< ‘Thus, when ¢ computations indicate an odd pipe size, the next larger - standard 


The me methods of determining the pipe sizes for best ¢ ‘economy for the dif- 


e erent classifications of pumped supplies | are just as applicable when a design 
oad is made on the basis of f field 1 tests of an existing system instead of the method 


suggested by ‘the author, of dividing the , system into districts and estimating 


438 Asst. Engr., The Pitometer Co., New York, N. Y 
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MICHAEL ON PIPE SIZES 


domestic and fire drafts. — In Case II particularly, there would be an advantage ate 


in having | field measurements of the ‘Variations in flow for determining the — me 


C. MicHAEL M. Bae. C. E. (by letter) .““—For his attempt 


F rationalize the economic solution of ‘complicated pipe-design problems, | in 
which there are such a large number of variables, the author ‘deserves : to be 


st commended. — The mathematical derivations are very cleverly executed, ex- 
and 
: cept that certain : assumptions and required adjustments might be questioned. oe 
© 8 & The coefficients of the formulas are rather complicated, and, no doubt, con- 
inks siderable estimation would be required for their determination, = = 
not * For very small systems, where the character of the water demand is simple, _ 
4] and where the piping arrangement is not complex, the ‘method proposed 
ften probably could be used advantage. The writer feels, howe ever, that mathe-— 
matical analyses of the problems of a water r distribution system have a very 
limited application, , and ‘this is particularly true a of any size 4 
Of the considered in the formulas are extremely indeter- 
ten minate. Costs vary over wide r ranges; the cost of labor for laying 
the lines of the same diameter has been known to vary 50%, | or more. The cost 
ving of pumping varies widely with changes in costs of fuel and labor and n many 
id 0 other variables. The cost of excavation is usually an unknown quantity — 
sary = The most t difficult ‘problem, “which the ‘suthor does not ‘discuss, is the 
al to determination of average /and maximum flow in a proposed pipe line. If a met 
L and line is in a a newly developed section of the city it it is impossible to predict the 
gard: ultimate water demand to be supplied. In m: any cases, a proposed pipe line is 
s the designed and ready for construction when it is learned that a new industry, — 
1 and using large. » quantities o of water, is about to locate in the area to to be served; 
m the it then becomes necessary to re-design the proposed pipe line and possibly be 
> cost parts of the existing system. . This condition will continue until city zoning a3 
er, 10 | and planning ordinances have ‘‘teeth.”” + ‘The recent and rapid increase in air- 


costs | conditioning installations is an example of how conditions change suddenly - 


“more existing piping systems to become The careful 


rectly may be of little value after a in the business cycle 

in the 5 i In addition to these. factors, | the variations in the daily load curve must be. 
naller. considered ; the ratio of maximum | hourly di demand to 1 the average daily demand Lae 


ndard is quite at times attaining a value of 3.0 or more. It is conceivable 

ay ‘BM that a pipe having an economic diameter determined by the method « described — 

he dif- by the author > would not have | sufficient capacity to supply the maximum — 

nethod ‘Seldom i is the engineer er confronted with the pr problem of "designing a com-— * 

mating plete water-distribution system. . These systems grow gradually the addi- 
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ion to, or lines. The is to vied 
izes that will meet average flow conditions with normal pipe velocities, and 
flow conditions with a a respectable pre: pressure e at the consumer’s out- 
The open t to the designer is to collect 
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Founded November 5, 1852, : 


“EARTHQUAKE. “STRESSES IN AN ARCH DAM 


6 Esa. (by letter).“°—Earthquake stresses produced in an arch 


dam slice, fixed or anges at the abutments, but free to move laterally, ~ 
analyzed in this paper. ss ~ Only: the influence of the inertia forces of the arch is | Be 
taken into account, those of the water behind the dam and of the canyon walls 

being omitted. Under these simplifying 


the seismic analysis. Of 


‘However, the question arises as to whether such an can be 


sidered of the seismic ‘Tesistance of an arch dam. Iti is true hat 


force of water, in view of the of the structure, ‘is an important 
item. In buildings, the dead and live loads are the gravity forces that mainly 
determine the design. The weight, the only gravity force exerted by arch © 
dams, is neglected i in the stress analysis as s unimportant. The available theories — 
pertaining to the influence of water upon the dam, presuppose a — 
structure with | a vertical up-stream face, true only in’ the case of a gravity 
dam.” iat Moreover, the arch dam is enclosed in the narrow canyon between the a 


the dam? The present a: analysis fails to yield an answer. 


Bearing these limitations in mind, the paper may b be as an interesting 


contribution to the aseismic design of arch dams. ocala ond 4 
= 


mass of rock. ~ What will ll be t the effect of all the surrounding i sacs forces upon 


ECIL E. PEARCE, | Assoc. Am. Soc. Cc. (by letter). *—The fects 


Pe Se .—The paper by Ivan M. Nelidov and Harold F. von Bergen, Assoc. Members, Am. 
Soe. C. E., was published in December, 1937, Proceedings. ‘This discussion is printed in oe 
Proceedings in order that the views expressed mm: be eieasuis aa all members for fur- 
ther discussion of the paper. __ 
*Dipl.-Ing., Los Angeles, Calif. 
by the Secretary ) 24, 1938, 


Barthquake-Proof Construction of Masonry Nagaho Mononobe, M. Am. 
oc. C. E., Proceedings, World Eng. Congress, Tokyo, 1929, Vol. IX, Pt. I, p. 275; and — 
Water Pressure on Dams by H. M. Vestergaard, M. Am. Soc. 
: , Transactions, Am, Soc. C. E., Vol. 98 (1933), p. 418. ee 


"Principal Engr., Knoxville, Tenn. 
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ON EARTHQUAKE STRESSES IN- AN A AROH DAM 


a It has’ sling been stated by enthusiasts that an Pan dam can take an | 


é ia overturning, and the claim i is probabiy correct. | These ‘statements refer to an 
ea earthquake in which the dam is accelerated 1 up stream. 


aes} However, when the | direction of the acceleration is at right angles to the 
_ stream, the results are different. ‘The authors have shown that these effects 
are more serious than the -up-stream acceleration usually 


checks the statement made by Mononobe: 

es, “The effect of earthquake upon ordinary masonry dams is most pronounced 
when the transverse seismic wave propagates parallel to the longitudinal axis 
of the dam. The seismic wave causes a forced displacement around the 
. perimeter of the dam’s base. If the body of the dam is of one mass, the 
ae different parts of the dam’s foundation bed exercise relative displacements. 
‘ 7 This will cause to develop vertical and horizontal crosswise cracks and leakage 
_ due to separation of the base of the dam from the bed rock. To remedy these 
defects and stresses, vertical crosswise joints or expansion 

joints may be employe 
-Mononobe further suggested that. the éotiteaction joints spaced far 
7 so that the different blocks of the dam can be made stable against 


— accelerations in the direction parallel to the longitudinal axis. oi In high dams, 


however, this procedure would conflict with the spacing requirements of 


contraction joints dictated by shrinkage coincident with the cooling | of the 


uld 


‘It would s eem that the wort case wou be for neither of the two | con- 


and an of the down For flood control reservoirs 


‘- (which should be empty as much _as possible), and other reservoirs which 

are well drawn down part of the year, this case is about as likely to occur as 
‘reservoir-full” | cases investigated. Without computation, it seems 
; plausible that the relatively thin arch dam section would be far less stable 


against a down-stream acceleration than the top part of a gravity dam, because 
in this direction there i is no arch action in the dam. 
‘should be emphasized that the formulas developed bear considerable 


The has computed and checked numerical values for such expres 


af sin nd, * — cos o), for e every y value of 2 ¢; from 1° to 


* 180°, by by 1° increments which appear in published form." These values are 


Under Normal Loads,” 
“The Analysis of Circular Arch Dams by ‘Method, Including Shear, Western 
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PEARCE STRESSES IN AN “ARCH DAM 


listed in from five to seven decimal places, and are sufficiently accurate for 


developed by the authors seem somewhat complicated at first: 
essentially, they are simply. formulas for finding the bending moment, M (in a 


With these once ‘the stresses ma may be calculated by the simple 
beam f formula pa nec notation for which needs no explanation. 


insert after the quantity, “ ’; change Equation (9) to 


He 88 1’ k? 


ete.; 


in to Equation (20)) to read: :“ 
in Equation (208) to Equation (21a)) rewrite: ‘follows: 


machine computation. ‘Their use shortens the work considerably. 
ts should always be borne in mind that although formulas such as those 


(sin - — sin ¢)”; in multiply L 2; in 


change ‘ ‘cos” to | “cot’’; and, i 
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‘OF ‘THE 
"MECHANICAL. ANALYSES 3 OF SOILS 


ATS jar 


‘By CARL H ‘CARLTON S. Proctor, T. T. 


Jon. Am. Soc. c. E. (by letter). "—The author 


- garding the nature of the particle-s -size distribution of a soil ‘sample, With the 
cs increasing use of soil classification and soil tests in the investigations of building, : 


been felt. lor: a simple athe of recording pertinent data on soil il profile and ; 


maps. . Mr. Campbell’s grade line, with the deviation therefrom, and the use 


ee of the mean diameter, provides a means of supplying all the necessary erate 


tion regarding the particle-size and eliminates the and 


have been reduced in scale, is generally The Ww vriter es 
; that the method of grade lines is a remedy for the aforementioned difficulty, 


but to be useful it must be standardized. It would | seem ¢ of little importance ~ 
which sizes are chosen to correspond to the numbers, 1 through 5, but it is im- 
‘portant that all data recorded by this method use the same system. ae & 


‘The need for standardization has been felt by many who have had occasion — 


to read the reports from various engineering: offices and Government bureaus. _ 


Fore example, it is of no impor rtance whether the smallest particle s size is found to 
_ the right or to the left of the mechanical analysis curve. ‘" Both conventions will 
be found i in regular use. >. Probably more curves s showing : mechanical pe E 


xceptions to to this, however. Although it is & email point, the standardization 


_ Norp.—The paper by Frank B. Campbell, Assoc. M. Am. Soc. C. E., was published in P, 
‘ee December, 1937, Proceedings. Discussion on this paper has appeared in Proceedings, 8° 

follows : February, 1938, by Messrs. Donald M. Burmister and A. J. — Jr. 
8 Asst. Engr., U. S. Bureau of Reclamation, Yuma, Ariz. 


Received by the Secretary February» 1, , 1938. 
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pening in 


2 


3 
Screen O; 


OF 


q 


Bureau of Chemistry and Soil 


> 


“at 


Fine Sand 


— 
Ba: 


a, ‘on of clay would save is thee 3 in sedimentation analy ses in reaching this point. 4 field 
time, required t to. — a "Bach decreases 1 with an increase can 


The United States Duress, of. f Chemistry and Soils has adopted s size | 
= ee each classification of soil. These limits have come into wide use, and in equ. 


a # vie iew of the fact that no soil class can be entirely identified by size ‘alone, it B follc 
esirable to adopt these limits as a standard. be 
ER The transfer of tabular data on: on soil separates toa mechanical analysis graph, mee 


sheet for reproducing its | curve, can be facilitated by the simple method shown n @ are 
Fig. 3. The screens used to accomplish this separation are designated by con 
number and a line is drawn on the graph sheet at the position of the size of soil 


Spoon openings. The intermediate lines facilitate the determination of mean cay 


size 2 and “grade line deviation.” The “ grade numbers” are those suggested by the 
Mr. Campbell, a and the soil are of the Bureau of con 


and Soils. 


s treated i in a ‘refreshingly lucid style | in this paper. rag Campbell i is to be ee 
omplimented for an. excellent contribution toa subject on which there is rec 


eneral engineering agreement as to its immediate importance; because, ‘ing 

an engineering reference to a particular type of soil should be sub- me 

jected toa uniform general interpretation and such is not now the case. Bo 


The. existing confusion in soil classification standards is largely a confusion 


on in terminology, and a standard classification is to be expected only after the 


establishment of a standard terminology. The first step in ‘this direction 
should be ‘as to the number ‘classifications to apply to each 

‘ oo... ‘Campbell proposes three classes of sand, whereas the U. S. Bureau of pu 
CA sng - Chemistry an, Soils includes four, and the classification listed i in Fig. 1 as the or 
ce “Tyler s sieve”’ ’ group § gives five sand classes. A Tyler s sieve classification was ‘re 


proposed by Ww illiam Kimball M. Am. Soc. C. E., in 1936, based re 


on the result of a practical experiment.1® Professor Kimball submitted a series 
i of be bottled soil samples: of Tyler sieve grain sizes to various experienced f founda- gg: 


* tion ‘engineers and found a close agreement in classification, i in terms of silts, qa 
very fine, fine, medium, coarse, and very coarse sands, etc. Because the five 
grades of sand 1 were invariably used and beca variations in classification 


occurred at the margins of silt to. very y fine gue ‘and sand to fine e grav el, 3 


Cons. Engr. (Moran, Proctor & Freeman), New York, N. 
Received by the Secretary February 1, 1938. 
15 Proceedings, International Conference on Soil Mechanics and Foundation Eng, 
_ Harvard Uaiv., Mass., June, 1936, Vol, 1, Pp. 302 to 805, inclusive. a 
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i ee _ the proposed change in the limits of sizes in the various soil ee | class 

e ie ay Since clay cannot be defined by size alone, the division between clay and silt Mon 
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T. A. "Middlebrook 16 Assoc. M. Am. Soe. C. E., which covered. 
essentially the same grain size ranges’ for each of the five sub-divisions. This 
classification was reported as having been used at the Fort Peck Dam, in 


Montana. ak he five- -group sand classification confirms a wealth of experience — 
per of practicing foundation engineers in that for most reports received from the 


nt. field, five classifications of sand are used. ~ Therefore, the single criticism that _ 
ase can be made of Mr.. -Campbell’s paper lies in his use of only three sand classifi- 
ine cations and in the fact that the abscissa scale of Fig. 1 does not lend itself - 
‘its The soil classification ‘that will b be ultimately accepted as standard must | be | 


in equally practicable < of application in both fiel d and laboratory and must 
follow the terminology familiar to, and accepted by, the contractor who will — 


be guided by the engineer’s. and “specifications. The scale proposed 
ph § meets 1 this condition except for ‘sand » but th the fact that ‘Tyler co concrete sieves 


wn are normally found in the ready equipment of engineers, architects, and 
by contractors should not be overlooked in any consideration of a po Pe re 


“ui 


The importance of agreement in terminology of soil classifications s in 
by the practical consideration 1 that n most soil | classifications a are, and will =natiy 
try continue to be, made as a result. of experienced - visual examination only, 


occasionally correlated by trial mechanical analysis toa preferred 


7 Mechanical s analysis of all, or nearly : all, the samples in a large exploration — 
“ject is too time-c: consuming and expensive f for many operations. 

* The paper, as a a whole, i is highly commendable. § The proposed method of 
mnording and tabulating mean diameter, grade line deviation, and grade is 


ingenious a and may well prove | of Teal value. This i is a develop, 


7M. Am. Soc. C. E. (by 
Pe give the engineer or technician a picture that is useful in suggesting, ee 
in a general manner, what the properties of a soil may be. The author has Re’ 
‘indicated | a “possible method of classifying grain-size curves for statistical 
Purposes. — Presumably, such might prove to be e useful in co- 
ordinating physical properties | grain-size » distribution. The author 
i “remarks that | the grain- size curve is frequently an indication of type—that i ag 
residual, alluvial, or eolian—and that. it ‘may be an indication of maturity. 
- Otherwi vise, I he does not suggest much use for his method of of representing grain- 
‘Size curves numerically Possibly he ca can make the value of t this” method of 

a In the past the writer has. considered various methods, including several ts 
similar to that. suggested by the author, for statistical comparison of the 


properties of soils, but abandoned them as useless. The engineer is interested 


International Conference on Soil Mechanics om. Foundation En 
warvard Univ., Cambridge, Mass., June, 1936, Vol. 1, p. 145. 


Associate, Parsons, Klapp, Brinckerhoff & New ‘York, ‘N.Y. 
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It might be best to forget the various attempts to apply these names | % 


soil fractions and retain ‘them as a common language for the engineer and 
 Iayman, Are not such terms as “blow sand,” “sticky clay,” “soft silt,” 


“Joess,”” “gumbo,” “ coarse sand,” “hard- -pan,” “boulder clay,” -ete., more 


i descriptive for conveying to the ¢ engineer | or layman the general properties 0 of a 


goil than 0.022-G 3.9-Grade line déviation ; 

JA ACOB Fexp, 19M Soc. C. E. (by letter). 1_Separation of soil 

can “by means of square mesh screens is the oldest method of analysis for the purpose 

classification. The author’ proposed standardization of sizes to match 
"grades cov covering the: usual soil fraction names is ;complete and should be adopted. 


2 _ However, it must be carefully noted that: the © separation by screens does not 


in ‘many of soils in their natural aad, states. Some of have 
‘these properties are: Permeability; | cohesion; internal friction. n; consolidation grad 
characteristics; structure; porosity, or void ratio; water content; chemical § 
specific gravity; ete. So other than grain- size For 
ing the behavior of a soil under certain con- bees 
gral 
( 
- indie slig] 
= “the (10% and 20% sizes may be of little use for this purpose. 4 Unless there ¥ 
— more values than are apparent, it is the writer’s belief that the introduction as 
of ‘such a method of classification would be only one more confusing factor in 
e hale Vith his tabulation of the nomenclature used for various soil separates, ae 
author illustrates the confusion now present, in this field. He suggests: 
a. still another method of classifying the separates. Arthur ‘Casagrande, Assoc. = 
-. Sas M. Am. Soe. C. E., once suggested to the writer that these various efforts to ee 
a apply | well known soil names to these fractions were not only idle but also 4 
a ha rmful. Remembering this remark the writer consulted a dictionary to see tan 
these words meant to the s authorities on language. e. Clay i is s defined’ as, 
widely distributed ‘earth, plastic and tenacious when moist and hardening 
rs when baked, consisting of pure kaolin or, more commonly, of a mixture of wit 
ee kaolin with more or less finely eroded material, chiefly quartz, feldspar, and ‘ite 
iu mica. * * * Dry clay consists essentially of a compound of alumina, silica, Ee 
i ——— and the elements of water. When it is subjected to a baking heat water is ae 
. = _ formed and passes off as steam and a material quite different from the original of 
ee ‘ clay is left behind. it is very hard, and its powder, mixed with water, is not 4 
es ae ‘Silt is defined as: “‘(a) Mud or fine earth suspended i in running or standing 
water; a deposit of such mud or fine earth.” Sand is ‘ “a loose material 
consisting 0 of small but easily distinguishable grains (most commonly of 


distinguish particles of ‘different = to 4 
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have identical gradation curves, both for sizes and for percentages i in each. 
grade, for two very dissimilar soils. . The differences in physical action of large ae . 
grains, above the grade of fine “sand, ‘different shapes can be disregarded. 
For smaller grains, ratio of surface area to mass becomes an important factor, 
because of the aapananes of surface tension and other cohesive forces in small- 


¥ 


aE 


¥ The effect of dupes can best be pictured by the following tabulation of ein, 


all of which will be on @ square- -mesh screen with a width of opening 
slightly. smaller than unity: 


A cube with unit side, one, surfac area of 6, and a 


cube into by a plane parallel to, midvay een, 


= 4 


each grain a volume of 3 


The cube split ‘three equal parts by planes joining one corner 
i h two o edges meeting at t the opposite corner (forming pyramids 1 Ww mas og 
“base, two normal and two oblique faces); each grain has a volume of 4 3,8 surface 


area of 4, 83, and a ratio. of surface to volume of 14.5, — 2.5 times that Pee. 
why sand and clay or basically cubical and flat g grain is act so differently. a. hen 


particles are in the silt and clay neon, shape i is at least oS pe, 
with size. 


Jowarp F. PEckwortH,” M. Am. y letter). 200_ The 
centration of graphical representation, of distribution i into a 


nized standard, as prevent’ by Mr. Campbell, is an excellent 


‘effort would be secure adoption : as a 


As the author proposes in part to fix the definition of “sand,” “silt,” “clay,” 


a a 
‘eolloid” in in relation: to and as it is is necessary t to distinguish 


‘it is unfortunate that the meanings of the words, “silt” and ‘clay,” ’ are some- 


times in such disagreement their 1 meanings a as proposed and as | 


Re ceived by the Secretary February 17 
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ON MECHANIOAL ANALYSES OF sons Discussion 
— 


: "broken, , coal which, when examined with the earth, fell between the s grain : sizes, 
0.0006 and 0.06 mm; and yet this coal could never be called clay or silt by any 


ne : Leg Another example is presented by a dust, and waste from a sandstone 
oe crushing operation being piled next to a borrow-pit to be used for earth for a 
~ rolled-earth dam. ~ When wet it was sometimes difficult to distinguish between 
3 the material i in the borrow-pit and the dust from the waste pile. _ Some of the 


a material i in the waste pile would fall between the sizes, , 0.0006 and 0.06 mm, , on 
ie __ the grain- size ‘distribution chart; and yet it was 3 907% pure silica particles, which 


: S Pay If this proposed classification is to be e adopted as a standard, the w writer 

vie would like to suggest. that the names of the e gradations be e changed from ‘ “sand,” 
“clay, ” and “colloid,” to “sand,” “fines,” “superfines,’ and “colloid, 
i Be or some similar wording that would not bring such a sharp disagreement be- 


popular dictionary usage of the words, “clay” and “silt,” with 


actually dealt: with i in n soil mechanies and silt 
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November 5, 1 852 


DISCUSSIONS 


political theories or opinions, but that it ws as as an engineering 
discussion, whose purpose can never be anything but t fact finding. 
Attention may well be called first to the surprising diversity of terminology ee 

me the authors of the various papers. If. If every one were to continue using 

his own favorite terms, engineers would soon be i in the position of those who 

built the tower of Babel. ‘True, many definitions have not yet been established 

American, ‘Standards Association (ASA) standards; b but the proposed ASA 

standards have. been approved by all the respective sub-committees of the z) 

societies and should be used by engineers. Thus, Mr. Orrok speaks 

f Muse | factor” and Mr. J ustin of “capacity factor,” both m meaning x what the 4 hl 

ed ASA standards term ‘the “plant factor.’ Mr. Justin has his a 

i definition for “utilization factor,” whereas the proposed ASA standards define 

5 the utilization factor as the: ratio of peak | to. capacity . Those w vho have served = 


} on standardization committees know that frequently a . term which appears at a 


- first as the most obvious has to be dropped for o1 one reason or another. | 


~ siderable co: confusion will be avoided if all engineers will speak the san same language, 
if some of the terms are not to their individual liking. 
a _ Considerable confusion i in ‘the discussion is brought about bya a , diversity of 
appreciation of the significance. of the various factors in the cost comparisor 
Credit i is due to Mr. Orrok for dropping the method, previously used by him, © 


_ Nore.—The Symposium on Economic Aspects of Energy Generation was presented at 
the meeting of the Society and at the Joint Meeting of the Power and Engineering- 
Economics and Finance Divisions, Pittsburgh, Pa., October 14, 1936, and published in the 
December, 1937, Proceedings. Discussion on this Symposium has appeared in Proceedings, 
% follows: February, 1938, by Messrs. W. S. mony R. M. Riegel, Ralph Bennett 

Mousson, Ben Cc. Seckéet, J. McCormack, and I. E. 

N. Any opinions ex- 
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ig setting. up cc cost comparisons on | ; load- factor basis and ‘substituting. for it a 
on a plant-factor basis. Mr. Justin, too, sets up cost | comparisons 
on the - plant- factor basis. s. Mr. Sporn, | however, presents his cost data on the J 
load- factor basis. Although other important ‘conditions which would give the 


ta meaning are no known to him, , to the e reader such 


not even nian | to Mane dn scale of the load curve to establish it 
\ plant of unknown size may have a peak of 90 000 kw and an average load 
a 45 000 kw, , resulting in a load factor of 50 per cent. The same plant may 

LY. ae have a peak of 9 000 kw and an average load of 4 500 kw, resulting also in a 
factor of 50%; but the fixed charges. kilowatt-hour in the second 
an ease will be ten times as high as those i in the first case. | _ Thus, for the same 
eerie -house, and the same load factor, the fixed charges per kilowatt-hour 


can b be made to be almost anything any one desires. _ Why not follow the 
~~ example a of Mr. Orrok and Mr. Justin and set u up the comparisons on a plant- 


4 Peps basis? b but if load factor it must be, the « data presented by } ‘Mr. ‘Sporn 


would become of great value if he were to state the capacities and peaks to 


which the various load factors relate. ae 


ia. eee ‘There are many other uncertainties in cost set- on on the basis of load 
a factor. ‘For instance, the difference between a load factor computed from the 


ver 


he instantaneous peak and one computed from the 60- min peak may be as much 


as 20 p per | cent. é Possibly, Mr. Sporn’s” curves and figures are based on the 


assumption that peak is equivalent to capacity, in w rhich case the load factor 


would be equivalent the plant factor, and the cur ves and figures: would 


_ assume @& definite meaning, even if in \ reality: there i is scarcely a Plant Ww hich, tot 
jm any one year, to say nothing of the ; average over - the life of the y plant, will, Sir 


have w hich i is exactly equal to the capacity. 


electric and on the basis of the same factor for both. ith 
systems as they exist to-day, an isolated plant situation will 


searcely ever "present itself. Generally, 1 there will be a system which can 
absorb all 1 the a hydro- electric plant can generate, as indicated 
by Mr. Justin. For ‘such “eases higher plant factors m must be assumed for 


hydro-electric steam. yt Table 6 shows that on on the whole, in the 

‘TABLE — APPROXIMATE —OVER-ALL Factors* oF THE 
AW 

AND POWER INDUSTRY IN THE U UNITED 


3 | ] ae ia 
Pe. eertin 1926 | 1927 | 1928 | 1929 | 1930 | 1931 | 1932 | 1933 | 1934 | 1935 | 1936 | 1937 
es All hydro plants.........| 45 | 46 | 49 | 48 | 41° 35 39 | 40 | 39 | 45 | 45 | 8 
All steam plants. | 30 | 29 | 29 | 31 | 29 | 28 (21 | 22 | 25 | 26 | 32 3 


States, the plant factors of electric plants: have bee considerably 
t 


* Percentages compu uted data in Electrical January 15, 1938. 


m more kilowatt-hours per annum ‘per kilowatt o of installed are 
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March, 1988 SAMUELS: ON ECONOMICS ‘or GENERATION 
indicates how little value there i is in 1 discussing such a subject in in a general way. sty 1s 
Rational plant- factor assumptions « can only be ‘made i in given cases ,andeven si 
“then it is of great importance | ‘not to” overlook the fact that the slant factor 
on which any cost comparison is made must sch an average tl throughout the & % 
Iti is to be noted that the various authors i th ris Symposium use different 
tomes for fixed charges, making it difficult to compare their resulting me 
costs. In reports published elsewhere the differences are even greater than they 


are in this Symposium. In ‘many cases these variations are brought. about 


the fact that the several authors include d. different items: under the term, 
without stating definitely. what these items are. To the banker, ‘the term 
fixed charges” generally means only interest and amortization long- 

term debt discount and expense. For railroads, the Interstate Commerce 


Commission in in also rentals. 1 modern accounting, the term 


when u using term, , should state: e which items he Mr. 

in his paper. The cost of money may vary considerably. The depreciation 

depends on the assumed life of the plant, w hich, in the case of new steam plants: Sa Ms 

to be built, is to’ great extent matter of design policy. The assumptions 


_vary from 15 yr to 30 yr. yr. On the basis of straight- line depreciation this 


2% to 34% per annum. In 1920, the _S. Geological Survey reports a a 
“total of 2.598 steam plants in the United States, and in 1935, only 1491. Rs 4 4 
Since the 1935 figure includes a considerable number of new plants, and since 
tate have been removed from the r remaining plants, it is evident’ that the was 

great mortality of steam plants would possibly make a design policy of 15-yr has 
; life for r steam | plants rational . On the other hand, in 1920, the U. Ss. ee 


Survey reports a total of 1172 hydro-« electric plants in the | United | States, 


would variation of one of the items in the fixed charges from 


Another feature v mentioned is the tye 


of service. 


outages per year. ie a steam plant at pet center more ‘dependable. than = A 
remote _Water-power_ station with a transmission line; ; and what kind of 


transmission lin line—single cireuit,, double circuit o on the same structures, double ea 


Gireuit on separate structures, ete? All these features enter into cost, and 


to the individual papers: Mr. Orrok’s fine presentation of the Progress 


“made j in fuel economy would have been much more nearly complete if figures 
been 
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hfe At the present stag ery development such a point should sot be 


Mr. Rogers, in his discussion of the problem, fails to mention 
= she that according to Dr. W. M. White” this difficulty may be solved in the a 
Even if the Symposium entitled ‘ “Economic Aspects,” it would ‘seem 
necessary at this time to sound a warning» that, in the search for economy, 
"reliability of service should not be overlooked. Recent widespread outages 


throughout the country seem te to indicate that “Btu- ~chasing” has 


ne not much higher than that of an isolated little Diesel plant. Mr. Justin's 


‘paper seems to reflect the philosophy of “Btu- rehasing” ‘regardless of yeliability 


The first sentence i in Sporn’s paper, attention to ‘the fact t that 

the cost of generation is only a small part of the cost of a kilowatt-hour delivered 

to a customer, is to the writer’ Ss mind the most important statement of his 


paper an and ‘possibly the entire Symposium. . Actually, the problem of 


should be built, has now become ‘@ comparatively s simple (although at tins 

lengthy) problem of power engineering. _ It is indeed surprising that there i is 

still so much general discussion on the subject. It is no secret that among 

- engineers a general discussion of the question of “steam versus hydro,”’ J when 
— no definite case is at hand, is considered a waste of time. This is not so with 
4 distribution. Only a few years ago engineers frowned upon distribution | as 

being ‘“‘low- brow” ’ engineering, or no engineering at all; it was considered a 

job for the line foreman and storekeeper. More receiitly, however, engineers 
ve been devoting considerable - time to the study of distribution problems, 

, even n “high- brow,’ The 


5 


“superimposed on 1 operating experience, fine results are inevitable. 
ng distribution engineering will he the mos 


engineering. Professors may even consider the 
- advisability of devoting a little less attention to machine design | and more to 
the physical and mathematical fundamentals of distribution. The prev iously 
_ mentioned fault in Mr. Sporn’ S paper, of basing cost on load factor, i is particu- 
larly evident in Figs. ; 33 and 34 , Which present a comparison of | cost between 
<p shipping energy in . the form of coal on the one hand and electricity o on the ot her. 
It is unfortunate that these important comparisons are ‘meaningless. No 
_ doubt, Mr. Sporn will be able to ‘supplement curves on a a plant-factor basis 
_ and thus give this important set of data a definite meaning. = = i 


— 
_A. E. Knowlton recently presented a tabulatio 
is: a fuel efficiency. Mr. A. ~ lit ld appear that, above a certain point, the ver’ 
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March, 

of _ Mr. Sporn’s expression of doubt about the economy of ieee over: Me 

he very long distances deserves serious attention, particularly because he is no i 

ed doubt one of the ‘outstanding and most outspoken authorities on transmission ,. q 

be problems. _ Here, too, it would have been helpful if comments had been a. 

on ee It would be interesting to know what method of weighting was applied in 

re [ establishing the average transmission distance on the specific system as 60 a 
miles, and also what the longest distance i is, and Ww hat, if any, sad experiences 

LY, Mr. Freeman’s paper presents d definite statements and questions without 
ges - presenting a single figure to substantiate the statements or the reasons for the , 
he questions. is impossible, therefore, to d discuss this paper. One of his 
vel statements, however, is of such great importance that deserves further 

n’s @ elaboration: “The old economic problem was how to produce enough; the new ii 

ity problem i is how to dispose of all that can be produced.” ” As related to electric _ 

energy, the problem is how to fill out the load curve and thus reduce fixed 


4 charges per k kilowatt-hour—in other words, how to increase the load factor for 
ed agiven capacity, which, , again, is another v way of asking how to increase the a 


his plant factor. T his problem hi has recently become of even greater ae 
ad Ba few years ‘ago it was generally hoped that , the valleys in in the load curves re 
ant would soon fill out and that the difference between peak and average would — . ; 
nes become less drastic. Recent indications are that on mony ‘systems the opposite 
dec has happened—the percentage increase | in peak been greater than 
percentage increase in consumption. Possibly this is due to shorter labor 


hours in industry and the speeding up of industrial production during these 


short hours. Even air-conditioning, which | was expected to contribute 
‘siderably to load-curve improvement, is in many cases peak 
& conditioning has been used thus far in and large commercial 

problem cannot be solved by engineering alone; it must be solved by 
tly more modern business m nethods and more 

4 "motional rates at incremental costs for off-peak | loads have shown good pn 
sts W erever r they have been tried out, and where modern sales methods were used. 
he Howey er, , the e “energy salesman”’ "has not yet entered the: home. . It is a safe 
guess that, none of the readers of this discussion was ever approached bya 
the - Salesman who tried to ‘sell him the idea of using a few more kilowatt-hours _ 
oh per et month, It is also a safe guess that a good Salesman cc could have sold him 

usly those few additional kilowatt-hours per month . Of course, in in order to sell, 


a \ salesman must at least know his own sales prices. - With the present comple: 
“rate schedules this i is difficult. What i is needed, therefore, is, first, a simplifi- iy 


cation of rate so that tthe customer can check: his bill; and ‘second 


q 
— 
— 
— 
— 
her. 
vasis “he selling of commodities against competition) to encourage the use of off-peak 
This, no doubt, is by far the most important social aspect of power 
3 the present moment, and, at the same time, the most important economic 


t 


eter, ere seems to be a 


-even when it is assumed, as i in the paper by Mr. _ Sporn, that the 
_ remarks apply only to the United States. a The followit ing statements are quoted 


Ais ha “Tt covers the economics of steam power versus water power and shows that, 
in most cases, present-day steam power can be produced more cheaply than 

ett be borne in ‘mind that costs” are a general 
«* * * that hydro-electric plants, in general, as a source of primary power, 
are out of the economic range. The true economic function of hydro-electric 


“y appears “definite that future power requirements will be asia most 
economically steam plants, located at a reasonable from load 
Iti is that quotations, although taken from their setting, reper 


sent in part what purports 1 to prove ir in to the hydro- 


is about 25% of the total and is for the reason 


that it makes use of the waste products from saw-mills or has value as stand- by 


service. would be very w hen to Cali 


an using natural gas or a -gas- -oil combination as fuel. ‘Finally the Ww Titer 


‘would question the general applicability of the : "statements the Rocky 
‘Mountain S81 States, in the Northeastern States, or in the Southeastern States. it 
Table 3, shows very high kilowatt. hour costs for a number of 
hydro-electric projects: under Federal Power Commission licenses. if Examina- 
tion indicates that he may have been led to his conclusions by applying an ex 
tremely high annual rate to the claimed costs given in order to determine the 
annual fixed charges. The rate used by ‘Mr. Sporn i is 10. 75%, but nothing is 
‘given i in the paper to show how this rate was established. - Because the | major 
_ part of the annual cost of producing hydro-electric power is the fixed charge, the 
selection ofan proper rate is extremely important. the rate selected is ‘too 


high, it ; will, ond ones tend very strongly es lead to the conclusion that hydro- 


_ Regional Director, Federal Power Comm., Region 5, San parte Calif. Any opit- 
ions expressed are the writer’s own and are not to be taken as official expressions of the 
Federal Power Commission. 7 ; 
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ON ECONOMICS OF ENERGY 625 
established, conservatively financed and managed utility with a large 
it growing market should be able to hold its fixed charges on hydro-electric 


projects (not including fixed charges on transmission and distribution) to 8% “ 
less. Ty The following build-up of an annual rate, which the writer believes would | fo ; 
be applicable to California, is presented for a hydro-electric ‘project with an 
installation of 50 000 kw, or more, and for a head exceeding | 300 ft, where a good | 
part of the investment was in a, tunnels, and penstocks: i 


It is assumed in this case that no transmission is included, since it is : understood 
_ that Mr. Sporn does not include transmission in his costa in Table 3. .. deals 


vad The depreciation figure is determined on a ‘sinking fund interest at 

= 5.5%, and 45-yr life. The life of the tunnels and dams, of course, will greatly 

of exceed this, although i it is probable that the life of the machinery may be less. . 


' Justine and Mervine“ give 6.7% and 11.5% as the usual minimum and — 


a maximum total annual rates for fixed charges, and their “‘illustrative cases” are : 
based on a ‘ “typical” rate of 9 per cent. It will be noted that the w riter Ss 
4 estimate is slightly in excess of the minimum rate given, somewhat less than the me 
typical rate, and considerably le less than the ‘maximum. The rate used by Mr. Bg 
Sporn is almost the. maximum rate, it certainly i is not generally ‘applicable 


principal the interest rate, should ‘not vary greatly 


the United States for a large utility which h has been conservatively 1 financed and 

managed. Possibly 6% might be used. A slightly higher: rate for ie 
than the 0.55% used by the writer could be used for low-head plants, where the , 

cost of machinery and equipment represented a larger fraction of the total cost. 
However, assuming a much shorter life and taking obsolescence into considera- 
tion also, this 1 item should not exceed 1% on a sinking-fund basis. This would 
mean an average life of slightly more than 30 yr with money at 6 per cent. a eg 
, The operating and maintenance charge should not exceed $0.80 per kw-yr. 
This is equivalent to the » rate of 0. 4% on the investment for a plant c costing $20 F 

per i installed kilowatt, and would bring the total annual rate (fixed charges plus J 
operating and maintenance cost, but not including general and administrative 
expenses) to 7.27 pr per r cent. Bi ‘The writer is somewhat familiar with the W estern td 


plants listed i in Table 3 and can see no reason W hy a a much higher rate should be i 


applied to the capital cost of “these plants if conservatively financed. _ It is 
evident that the application: of this annual rate to the other ‘hydro-electric 


‘projects in Table 3 will lead to very. different conclusions from 
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6 OF ‘ENERGY GENERATION 
‘The foregoing discussion indicates strongly the of 
hydro- -electric projects at the lowest possible rate, since a difference of only 19, 
in the interest rate will represent a difference of approximately 12% in the total 
annual cost and might easily be the deciding factor in determining the economic 
- Under the heading, “Trends in Hydro-Electric Installations,” Mr. Spom 
~ comments that the most economical sites were developed long ago, and that 
— which have been exploited recently have, i in 1 general, been less attractive. 
he inference | from this: statement, namely, that the sites still to be developed 
even less desirable, is possibly applicable in ‘many localities to projects 
requiring a medium amount of capital investment. The statement, while 
paelilag still true to. some e extent, is misleading if applied too generally « or to 
a large projects (requiring investments of, say, $40 000 000, or more, to use a ff 
“ s rough figure) such as the Boulder, Bonneville, or Grand Coulee projects in the 
Mos West, or the undeveloped projects on the St. Lawrence River in the East, and on 
; “some of the larger streams in other parts of the United States. In many cases, 
such projects have not heretofore been undertaken on account of their size. ao 
ee _ The writer does not wish to bring into this discussion the advantages or 
. ‘disadvantages of the construction of large hydro- -electric projects by the Federal 
3 ie Government. _ However, the fact. that the Government used a 4% interest rate | 
determining the for power ‘from the Boulder project, and can undoubt- 
, edly borrow money at a lesser rate, should not be overlooked in considering the 
feasibility and probability. of the ‘construction of extremely large projects 
--requiri ing an investment that, because of its magnitude a and because of the many 
“uncertainties involved, such as the growth « of load to absorb the large output, 
could not be financed by a utility—or for that matter by: a municipality, 0 or even 
a State. Sound Federal financing can spread the necessary returns to ‘recover 
the investment, including interest, over a long period to compensate for small 
initial returns. ‘Using 47% as the cost of ‘money, and adjusting the interest and 
a _ depreciation allowances accordingly, the annual rate for fixed charges given 
earlier in this discussion reduces to 5.65%, which is ~~ little rat than one- 


is the writer’ s opinion that each hydro-electric and each steam- m-electrie 
project necessarily has to be considered carefully on its ‘merits—that n no ) general 


assumptions can be made as to their relative advantages or disadvantages. _ AS 


rule, they are at their best when inter-connected. The question as to 
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RELATIVE | FLEXURE FACTORS FOR ANALYZING 


“CONTINUOUS STRUCTURES 


FREDERICK SHAPIRO,’ JUN. Am. Soc. C. E. (by letter).”*—In the 
' to his excellent paper, Mr. Stewart s seems too enthusiastic over the advantages of - 
his method over that of end-moment distribution. 
_ The writer, w ho has made an extensive ite of the various methods a 
rigid- frame. analysis, feels that for every problem there is at least one ee 


of solution is superior to others for in computation, or ‘for r accuracy, 


-ashort series of continuous beams, the theorem of three moments is superb, “f 
especially when modified by certain short-cuts; and for a ‘Tigid-frame bridge 
with curved beam, the method® by G. Hayden, M. Am. Soe. C. E., is. 
very convenient. For the ponies: of the multi-span rigid-frame bridge a 

_ variable moment of inertia which is solved i in the paper, the method of trans-— 
mission coefficients introduced by R. Brumfield, Soe. C. _E,, is 
probably: a better one. For those who prefer graphical 
points!® offer an excellent solution to the continuous problems. The 


Beggs’ deformeter" i is ideal for a mechanical solution. 


An objection n might be raised to some of these methods because they taveive be 
e use of formulas. _ Formulas ¢ are intended lass short-cuts; they y Express | in one ae i 


mathematical sentence what occupy several paragraphs of written 


BS Note.—The paper by Ralph W. Stewart, M. Am. Soc. C. E., was published in ce 
P 1988, Proceedings. This discussion is printed in “Proceedings in order that the a 
 €xpressed may be brought before all members for further discussion of the paper. — eae 
'Draftsman, Gibbs & Hill, Inc., Cons. ‘Engrs. New York, N. ¥. 

Received by the Secretary January 19, 1988. fais parton 


Analysis of Continuous Frames for Distributing Fixed-End Moments,’ by 


de ired relehiy for a given | loading, ' the Hardy Cross method‘ is excellent; for a. Pe 


Cross, M. Am. Soe. C. E., Transactions, Am. Soc. C. E., Vol. 96 (1982), p.1. 


sche Rigid Frame Bridge,” by Arthur G. Hayden, John Wiley & Sons, 1931. phd “ye 
a “Moving Loads on Beams with Restrained Ends,” by R. G. Brumfield. | (Complete — 
manuscript filed reference in Engineering Societies 38 — Street, 
®Transactione, Soc. C. B., Vol. 90 
c. ctt., Vol. 88 (1925), p. 1208. 
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a around the block to reach next door. «dt might be daimed that some of these 

aoe methods do n not give a picture of i what i is happening to the structure as s compu- 
tation ‘progresses. Is it not easy and simple |] put a coin in a slot- machine, 
‘pulla a lever, and take what i is desired from the proper: compartment? There: 


rigid frames in that mistakes are limited to arithmetical ones. _ The method 
a oof tr transmission coefficients, 12 in the writer's s opinion, is one of the best for 
ae general application; not ; only does it. give a good picture of the structure at all 
mi, times, if the computer will pause to look, but it also ‘ o “ “grinds” out the solution, 5: 


‘if the computer cannot take time to s stop. 


4 ea If only one system of f analysis i is to be used, it is a matter of personal opinion Lae 
3 what method should be selected; but actually different methods handle certain i ‘ 

more advantageously than others, depending on the purpose se in view view. 
DEAN F. Peterson, Jr.,* Jun. Am. Soc. C. E. (by letter).*—The ex- 0 

2 ao — of the m moment area principle, by the use of pied factors, seems to ) the es 


writer to have ve widespread application to continuous | structures. The cri- 
a terion for its application, as with the other so-called ‘ “special methods,” is: (1) 
nat the members. wen essentially straight center axes s; and (2) that the 
Although actual influence lines for: moment or shear at any section are not. 
generally, y necessary | to analysis, when « cases occur in | which they are desirable, 
they may be constructed | directly from the method of flexure factors and the 


use of the Miiller-Breslau relation between influence lines and deflection 


| 


Bi curves. 14 For a moment at Point B (see Fig. 8(6)), a unit rotation of the axes 
ae is inserted and the flexure factors are written. — Span A B is solved since 
Mas = Mec. ‘The unit rotation As represented by the number, 31 +. 68 99. 
ee ‘The: actual end rotations of the various members : may be loud by dividing | 
ea _ through by 99. The ordinate of the influence line may be found graphically, 
with the aid of the funicular polygon, or analytically, by convenient, self- 


__ checking table. It is only necessary to ¢ construct the deflection curve of a 


oi member separately. . To do this the length of the “member may be divided 


ei a finite number of elementary lengths, | Then, the rotation in the ‘ 


Eset, Al, is bi: This rotation, with sufficient accuracy, may be appl lied 
at t the center of the length, Al. : - Then the designer, knowing the end slopes of 


member, traverses these rotations to form the deflection curve. Any 
a4 ‘accuracy desired may be attained by choosing a sufficiently small value of Al. 4 
’ Tf one radian is taken as the initial rotation, the scale of the influence ordinate, 
- foot-pounds, | will be the same as the scale of the abscissa, i in feet. — — If, to 
begin with, some other rotation is used at the. section, the scale of the wedieall. 


ees: will be equal to the initial rotation, in radians. In the graphical method the 


“4 rotations, , are plotted « as vertical forces, A B, BC, etc., on the equivalent 


Proceedings, Am. Soc. C. E., March, 1937, p. 638. 
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ae 

force 


for the known end slopes, be computed, because the 
JA B, B ¢, ete:, may be on _the equivalent force Gingram to any scale 

~All that is 

quired is that the rays on the equivalent force polygon, panes the points, 
os A and G, be parallel to the end tangents of the beam (see Fig. 8(d)). a a 
ae The influence line for moment at the center of Span BC may be iain n (see 
Ki ig. 8(e)) alt almost as readily. . The flexure factors are: written from each direction | 


ee to 4.5 on the right ‘and 3a on . the left, in which ais a proportionality rfactor 
to balance the rotations from each direction. This factor may be evaluated 


si ince Ai = A» (because the moments producing them are equal) and x 8a 


+ 2 xX 8a x 11 45x 2+ As (since the deflection is the 


approaching from the right or from the e left). Thus a is found to be < and it is 
ossible to express the rotations on each side as comparative units; ‘. and A, 
tee be found from statical considerations of Beam B 4 because, disregarding 

the common elastic factor necessary to change the rc rotations into end 1 moments, 
end equa als. = nd the moment at 
the ce is = 4. To reduce 


to exact flexure are e divided by 11. 2 +4. 2+ 4.35 4. 35 


: . The u use of the 
although not. in Fig. may ‘he: extended to 
ease and to: the case for a shear influence line. 


For s shear at Point. BC (Fig. 8(f)), deflect ‘Span BC BA without 


rotation and write the flexure factors. _ They are determined in Span A B since 
Mac The unit by the quantity, 3! xX ll 


roduc exact scale, all the rotations must be divided 


ided 

a 6, of Support B (Fig. ig. 8(g)) the problem is easily 


solved. The factors are written from ‘the > right end, and since Mpa 


=M Be, Ai = Equating the deflections and rotations ‘at Point B caleu- 


lated from the right, side to those calculated from the — A, 
111 


t+ 1x , the actual are ‘obtained by 
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— 
div: 
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solu 
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"solution they were very simple and solvable almost by inspection. 
le The foregoing two problems presented are solved for a very simple. case. al 
.. [| The solution may be extended, without difficulty, to frames of greater com- — “a 
and to members with varying moment of inertia. In general, the 
_ | directness of the attack made and the inevitable final check furnished by the j 
~ method of flexure factors will undoubtedly cause it to be viewed with favor m>:. ce, 
means of analyzing many problems in continuous structures. The writer 
sins does 1 not know of a more direct method for the solution of the complete i in- 
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resented i in paper. “The to large-scale results in. 
b operated i in accordance with the model law, is encouraging to further investi- 


ation along this line, and the author is ‘to be commended for introducing this 


The comparing ‘on the performance of 
large-scale grit chambers which at the same time vary in so many other re 
pects, “such as surface area, a, volume of flow, distribution of velocities, and 
we ratios of ‘length to width and depth, however » would | appear to be great. - This 
especially true due to the sensitivity of settling sand to various 
the exacting ‘relationships: of economic calculations. 


In view the e seemingly variable between the Grand Rapids 


to arrive at conclusions that differ from those presented i in the paper, depending 
on ‘interpretation, and tending to show that the shallower grit chambers might 
<a _be the more efficient, even at the sacrifice of losing the equality of the theoretical § 


nae relationship of — which seems to be the basis for ‘the conclusions In | 


Us 


; 


From the data ‘presented, the has compared the efficiencies: of the 


x ae two units in three different ways: (a) On the basis of total percentage 2 of 
grit: removed; (b) with r to the average size of sand removed in suc- 


surface areas. s. The computations are in Table 6. 
on Norn.—The paper by George E. Hubbell, Assoc. M. Am. Soc. C. E., was published 
te a sa December, 1937, Proceedings. This discussion is printed in Proceedings in order that the 
- -views expressed may be brought before all members for further discussion of the paper. — 
ee ® Asst. Prof., Dept. of Water Supplies and Sewage Disposal, Rutgers Univ.; and Re 
search Engr., Div. of Water and Sewage Agri. ‘Experiment Station, New 
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‘that, in general, the grit: chamber at the 
plant removes a ‘sand of much less average ‘size in equivalent sections of the a, a 
tank. This action holds throughout the | tank length with the exception o —— 
the first section which is admittedly adversely influenced | by the turbulence “eee 
of the pumps. ‘Table 6 also shows that the percentage of total sand removed _ ee 
is slightly gan Dearborn plant i in each su section of the 


& 


SURFACE Area 0.2 T0. 0.3 or SAND Torat SAND 


Sze 


Grand | Dear- Rapids Dear-— Grand Dear-— 


«66.5 
89.0 
110.0 


Another observation can be made from the is the 


at or below which the percentage sof small sand in the , composite si sample i increases 

toward the outlet end, indicating that point at which the 5, ratio exceeds 


the —-r atio. In the Dearborn plant this size lies between 0.104 ini 1.47 n 

s Si Chee Rapids plant, the critical size lies between 0.295 and 0.417 mm 
_ Additional comparisons: have been made in Table 6 on the basis of efficiency ay 


in relation to equivalent surface area. A sand, 0. 20 to 0.3 mm in size, has — 
been used for the calculations, the same as s that used for the design of che 
Detroit, plant. These computations seem to confirm the previous generaliza- 
tions that a greater efficiency can | be expected from the shallower unit, provided e 
"exception i is made of the poor performance i in the first 20 ft of the Dearborn — fee 
chamber due to pumping disturbances. _ The end of this section is situated at 


we equivalent surface area 256 sq ft of the ‘The 


through lack of detailed data on the investigation, but it does seem that on 
‘this basis conclusions: are. reconeilable the 
da Mr. 
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pasis these observations would seem to indicate a superior efficiency ofthe 
ed in 
it the 
er. 
ke 
a 


bbe ll’s are correct, it then seems that due 
to variable conditions in the two units, have played an important part. One 
a “such factor which the writer | has always considered of importance is the effect 
ec: ratios of length to. depth | on the ‘efficiency | of grit chambers. - Theoretically, 
‘the chamber should be that the value of — = for the 


_ This presupposes, however, that this and 


— 


4 


q 


state does not exist and any y given size in the. liquid i is farther 
eG toward the outlet end of the tank. The distance to which larger sized particles 
i Po are carried along the tank length ; is proportionally less, however, than any 
> a ti. given decrease in the depth of the tank. _ The advantage of this fact is gained 
dt seems to the writer that the resi results in Mr. ee 
~~ 
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